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Titanium’s corrosion resistance and 
low heat conductivity team up to... 


DOUBLE 


SOLDERING 
PRODUCTION 


In handling a variety of soldering 
operations on small precision parts, 
Astatic Corporation— electronics 
manufacturer—has realized many 
benefits with Mallory-Sharon com- 
mercially pure titanium soldering 
fixtures: 


e Corrosion resistance of the titan- 
jum fixtures to certain soldering 
fluxes is excellent. Thus service life 
is far longer than that of other 
metals previously used. 


All-titanium dip soldering jig developed and used by Astatic Corpora- 
tion has advantage of low heat conductivity and corrosion resistance 


Titanium jig has excellent wear resistance, permits holding close 
tolerances when soldering phonograph needle assembly. 


e Heat conductivity of titanium is 
low. Thus the fixture does not take 
heat away from the work, and the 
operation takes less time. On a 
typical assembly, use of the titan- 
ium fixture increased daily output 
from 1000 to 2500 parts per day. 


e Titanium’s excellent wear resist- 
ance, plus the fact that solder does 
not stick to titanium, allows very 
close tolerances to be maintained. 


Assembly rejects were cut from 
25% to less than 1%. 


Can you use titanium’s unique 
advantages? For information on 
properties and fabrication techniques 
ask for the booklet “Titanium Fact 
File”. Write Mallory-Sharon Metals 
Corporation, Niles, Ohio. Mallory- 
Sharon produces titanium,zirconium, 
and other special metals in sheet, 
strip, rod, bar, plate and other stand- 
ard shapes to meet your requirements. 


VALLORY-SHARON 





METALS CORPORATION . 


NILES. OHIO 


oe producer of Titanium ¢ Zirconium ¢ Special Metals 
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A.S.M.’s New Headquarters, by William H. Eisenman .... 
Engineering Articles 


Atomized Powder Alloys of Aluminum, by R. J. Towner 
When molten aluminum alloys — for example 8% iron — are atomized, the fine powder 
can be compacted and extruded into metal parts with superior strength and structure 


stability at 400 to 800° F. (H10f, Q-general, 2-62; Al) * 


Coming: Better Thermenol Alloys, by W. J. Buehler and C. G. Dalrymple ae 
Iron-aluminum alloys with 3 to 4% Mo have excellent oxidation resistance and stress- 
rupture strength. Small additions of zirconium and carbon raise the mechanical 
properties and inhibit the grain growth. (Q-generé il, P-general; SGA-h, Fe, Al) 


A Look at High-Frequency Resistance Welding, by Wallace C. Rudd. 
In addition to welding the old stand-bys, steel, aluminum, and copper, it is claimed 
that the high-frequency process will join dissimilar metals, reactive metals, and thin- 
walled stock better and faster than ever. The welding current penetrates scale and 


oxide layers. (K 3) 


Electric Furnace Refractories, by E. C. Wright 
Refractory slurries are poured into forms around electrode parts; self-curing mixes 
are made with additions of silicon metal powder and sodium silicate whose reaction 
generates enough heat to set and dry the rammed refractory. (B19, D5; RM-h) 


A Study of Temperature Uniformity in Heat Treating, by Harold N. Ipsen 
Tests were made with and without forced convection to study variations in temper- 
ature reached by parts in center and edge of a work basket of steel stampings. 
Nonuniform heating can result in appreciable difference in the structure and properties 


of heat treated parts. (J28, Pllk, W27n; ST) 
How to Treat Pickle Liquors in a Small Plant, by Edward W. Lang........................ 93 


A crystallization-regeneration unit at Vulcan Rivet and Bolt Corp., Birmingham, Ala., 
has solved the problem of disposal of ewe liquors from a 1200-gal. batch tank. 
The system is based on removing 400-gal. portions of liquor, crystallizing ferrous sul- 
phate for economical disposal and returning regenerated liquor to the tank. (A8b, L12g) 
Better Ways to Fabricate High-Temperature Materials, Staff Report 
Aircraft and missile needs are setting the pace for development of improved high- 
temperature materials and better methods for fabricating them. Investment c asting in 
vacuum opens up a promising area. Slip casting can be used to fabricate parts that 
cannot be made any other way. (A-general, Q-general, 2-62; SGA-h) 
Pearlitic Malleable Iron—an Industry Report, by James H. Lansing 
The rapid increase in use of pearlitic malleable castings in recent years presages 
many new areas of application for the future. (A-general, 17-57; CI-s) 


Castings for Tougher Jobs, by Carl F. Joseph. . re 
Pearlitic malleable iron is opening up new y horizons for cast parts in automotive and 
other applications. A new grade of Ser hardness has been developed for parts 
requiring good wear resistance and toughness in the as-machined state. Machinable 
castings, with even higher hardness — up to Brinell 400 —are in the future picture. 
(Q-general, Ell, 17-57; Cl-s) 
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Centrifugally cast Thermalloy* in metal molds, for better balance, 
greater soundness, longer life...by Electro-Alloys 


Rolls up to 30 inches in diameter—the largest of 
their type for continuous strip annealing. 

You know they’re sound and made to last longer, 
because they’re centrifugally cast of Thermalloy un- 
der rigid Electro-Alloys control. You save money 
because the concentricity of the tube makes machin- 
ing for balance unnecessary. 


And, because they are centrifugally cast, you can 
be sure of uniform wall thickness with uniform metal 
density ...in perfect balance for smooth running at 
high speeds. 

Write Electro-Alloys Division, 9035 Taylor Street, 
Elyria, Ohio, for quotes or additional information 


about continuous strip annealing rolls or furnace rolls. 
*Reg. U. S. Pat. Off 


ELECTRO-ALLOYS DIVISION « Elyria, Ohio 


" Brake Shoe | 
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Metallurgy in Industry — a Look Ahead, by H. S. Turner 


To devise the n new and cheaper operations, the process metallurgist must work 
with models and pilot plants (not miniatures of present equipment) and be guided 
by a thorough knowledge of reaction kinetics. Experimentation with existing full-scale 
equipment is certain to give only limited results at high cost. (A9p, 17-56) 


Critical Points 


Atomic Age 
Underground Atomic Explosions 


Underground explosions not only facilitate diagnostic and other necessary measurements, 
but also suggest a number of peacetime applications. 


Data Sheet 
Hardenability Bands for Steels 9260-H to 9850-H 


Book Review 


X-Ray Studies for the Student and the Practitioner, Reviewed by H. C. Stumpf and E. G. Haney 111 
‘ “Elements of X-Ray Diffraction” by B. D. Cullity is directed to the student who has ; 
no previous knowledge of the field, and “Small Angle Scattering of X-rays” by Andre 
Guinier and Gerard Fournet fills a gap in the theory and practice of X-ray diffraction. 


Correspondence 

Brittleness of Carbides, 
by R. B. Fischer 

“Climate” for Crash Programs, 
by E. H. Snyder 

Damage by Uncontrolled Shot Blasting, 
by Konrad Kornfeld 


Digests of Important Articles 
Better Test for Ductile Iron 
Design of keel block for testing of ductile iron is 
modified form of that used for gray iron. 
Bonding Magnesium Sheet 
Sequence of operations using metal-to-metal 
adhesives and a chromate treatment. 
British Nuclear Energy Developments 
High-Phosphorus Pig Iron Refined With 
Lime and Oxygen 
Lime powder is injected along with oxygen 
blast; phosphorus is fluxed away and steel of 
openhearth quality results. 
Outlook for Beryllium 
Flame Washing in Steel Foundry 
Riser pads, fins, chill bars, reinforcing nails and 
core chaplets can be removed faster and 
cheaper then by chipping and grinding. 
Zone Refining of Copper 
Effect of Phosphorus and Manganese on 
Temper Brittleness 


Nitrogen and Vacuum Degassing of Al-Si- 


Kinetics of Austenite Decomposition... .. . . 180 
Experiments on high speed steel. 
Smudge on Cold Rolled Sheet 
How phase transformations affect carbonaceous 
smudge. 
Forming Titanium Extrusions 
Precautions to be taken in such operations as 
stretch forming, bending, joggling. 
Titanium Produced Electrolytically........ 192 
Hot Tearing of Magnesium Castings. . 


Bonding Soft Metals to Semiconductors 
Adhesion without the formation of a liquid 
phase — known as thermocompression bond. 
Steel Cartridge Cases 
Mechanism of Sintering Aluminum Oxide. . . .202 
A metallurgist’s approach to a problem in 
ceramics. 
Removing Inclusions Ultrasonically 
Method suited to removal of hard and brittle 


secondary alloy phases as well as nonmetallic 
inclusions. 


Departments 
As I Was Saying, by Bill Eisenman 
Application and Equipment 


New Literature 
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HOW TO PLATE PRINTED CIRCUITS 


FASTER, BETTER, AT LOWER COST 


..-with BzA Fluoborates 


First step—use B&A copper fluoborate for high-speed 
copper plating of thick, high quality circuits. 


Second step—use B&A lead-tin fluoborate for maxi- 
mum solderability (60:40 tin-lead deposit). 


Advantages: Both of these high purity fluoborate 
plating solutions come in concentrated solution form. 
They give you easy bath make-up and easy control. 
Since anode and cathode efficiencies approximate 
100%, you get easy maintenance, too. They require 
no mixing or dissolving, and offer excellent bath sta- 
bility, good anode corrosion. 


BAKER & ADAMSON? Fine Chemicals 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 


Result: You produce better printed circuits, faster 
and at lower cost—more easily, too! 


Mail coupon now for comprehensive technical bulle- 
tins giving complete information on these improved 
plating techniques for printed circuits. 


BAKER & ADAMSON” Fine Chemicals 
GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N. Y. 


Please send technical bulletins on the use of B&A Fluoborates 
in the production of printed circuits 


Name ___ 
Title__ 
Company 
Address 


are Zone State___ 
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Ae / wae saying... 


Looking for 


A FEW MONTHS have passed TE sTi N G 


since the overseas conferees to the 
Second World Metallurgical Con- 
gress have returned to their homes 
and it seems only natural that oc- 
casionally they recall the event and 
are moved to drop me a line. It 
would do all ASMers a world of good 
if you might have an opportunity 
to read these letters and recognize 
and realize for yourselves the sin- 
cerity and the friendly sentiment 
extended to the Society, the Ameri- 
can conferees and the staff. Here 
are just a few expressions taken from 
the hundred or so letters that have 
been received: 

Interesting time... . : A great wealth of interesting experiences. . . . 
Very impressed. . . . Many fine people. . . . Very friendly and helpful. 
. . . A good impression of the living standards and customs. . . . Many _— 
interesting lectures. . . . A splendid opportunity to exchange professional : 
opinions. . . . Glad to have = wren. to observe the mechanics of the Get this free catalog ; 
wonderful Congress. . . . The certificate will remain a memento. . . . The Catalog contains complete details 
Congress was a great success not only from a technical standpoint but on oll types of Brinell Hardness 

S 8 , P Testers . . . for laboratory, or pro- 
from the human aspect. . . . I thank you from my whole heart. . . . duction: Dead Weight, Hydraulic, 
Everyone cooperated in the true spirit of friendship. . . . Contacts were Hand or Motor Operated, Large 
extremely stimulating and refreshing. . . . The organization of the or Small, Standard and Special. 
Congress was indeed perfect. . . . Deeply impressed by hospitality of 
American friends. . . . : Anxious to see Sunnimoor Farm with no snow... . cane See 
Very memorable occasion socially. . . . Great value technically. .. . A 
credit to your organization. . . . A great personal achievement. . . . The 
tour has been of great benefit to us. . . . A very fruitful visit. . . . It really 
was a mighty gathering. . . . The Congress was interesting and inspiring. 
... It will be remembered for a long time. . . . The spirit of neighborliness 8811 Lyndon Ave., Detroit 38, Mich. 
and the friendly manner demonstrates A.S.M. members as true representa- Mail this coupon fer obove Brinell 
tives in helping bring about the interchange of technical knowledge. . . . Catalog. Check interest below on 
Correspondence already initiated with newly made friends. . . . Time was ar ee eee Saas 
indeed too short. . . . The organization ran smoothly from the beginning. Ductility oO —— 
.. . I think it was your good wife who introduced me to rum with tea 
in the House of Friendship. . . . These events are unforgettable. . . . Tensile “ete 
The contacts are world rewarding. . . . Feel happy about all we have 
received through A.S.M. . . . The tour was excellent. . . . Congress most Compression [—) C] 
amazing. . . . The great Congress made our work successful and it 
broadened our knowledge and understanding. . . « The discussion of _ + 
technical problems and the spirit of fellowship should make the need for ee 
wars most difficult. . . . It was instructive, beneficial, and above all 


TF 
; ? 
friendly . . . ete. Hydrostatic 9) J 
It has been my pleasure to have met hundreds of the American counter- é 


parts, and they all express the same thought that the Second W.M.C. 
was one of the high-water marks of their scientific careers. So, having Proving Rings ["] © 
heard both sides of this pleasant exchange, I'm convinced that we may 
both rest the case with firm assurance that the friendships started and to 
be continued will contribute greatly toward the “Peace on Earth” we all 


so devoutly desire. 
Cordially yours, 


W. H. Etsenman, Secretary ' 
AMERICAN SOCIETY FOR METALS 





MAY 1958 































AUTOMATION IN METALLOGRAPHY IS HERE! 


WITH THE REVOLUTIONARY 


ZEISS ULTRA PHOT 


A compact, completely new Micro Metallograph with 
automatic photo electrically controlled self adjusting 
shutter. Multiple built-in light sources. Reflected-polarized- 
transmitted light. 

















Bright and darkfield Optovar magnification changer. 
Epiplan objectives for 100°, flat field. 4” x 5” Film-Plates- 
Polaroid and many other unique features. 


BRINKMANN “zz 


Cutter Mill Road, Great Neck, L. |. 
PHILADELPHIA +> CLEVELAND+ HOUSTON NEW YORK 























MAN, 
METAL 


METALS 


yesterday 
today— 


tomorrow. 
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a fascinating new book 











- 4 
| Send to: American Society for Metals I by Dr. 3 Gordon Parr 
Technical & Engineering Book Information Service | 
| 7301 Euclid Avenue, Department A, Cleveland 3, Ohio | = . . ss P 
P i" PHS Ga ea This is a book for technician and student alike to 
MSC SOU 2c tee eee co s e an. “etais ern a c . . 
| @ $2.95, Postage Paid *“ | enjoy—a story of metallurgical progress through the 
Sal Compeny [1 Check (] > (ahah dee oa ages to the challenging problems of science that must 
Money Order Casal LJ 


| Check here for ASM Book Catalog [) be solved tomorrow. Enjoyable reading—an ideal gift. 





15 Chapters. ..44 Illustrations ...235 Pages... $2.95 
Red Cloth Binding... Published April, 1958 
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offers 


COMPLETE SERVICE 


BRAZED 
COMPONENTS 


for 


GAS TURBINES 
AIRCRAFT 
NUCLEAR 


ENGINEERING 
Product Design 





Development 


Tooling 


MANUFACTURING 
Machining 





Stamping 
Assembly 
Welding 
Brazing 

Heat Treating 


Inspection 


FERROTHERM CO. 
1861 East 65th St. 
Cleveland 3, Ohio 


Write to Dept. 200 
for more information 
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There has long been an urgent need for a uni- 
formly stable quenching oil that would perform 
satisfactorily with minimum distortion of the 
workpiece. During the quenching operation, 
fluid deterioration can occur, causing sludge and 
acid formations which in turn result in non-uni- 
form physical characteristics of quenched parts. 


An efficient and timely answer to this industry 
problem is found in Shell Voluta Oils. They 
satisfy the two basic requirements of a high- 
quality quenching oil: 1) They remain stable at 
temperatures much higher than heretofore al- 
lowable, with no appreciable sludge formation. 
2) They permit safe, rapid quenching of parts 
which have a tendency to distort. This is in 
part due to the higher permissible fluid temper- 
atures, and also to the greatly enhanced wetting 
qualities of Voluta* Oils. 


There are many applications that clearly 


(Above) This unretouched photograph indicates the cleanli- 
ness of rear axle differential pinions when Voluta Oil is used. 
(Right) Differential spider, two-speed helical pinion and 
spring wear plates were all quenched with Shell Voluta Oil. 


Here’s a stable, high-speed quenching oil 
that minimizes work distortion 





~ 


demonstrate the efficiency and versatility of 
Voluta Oils. 


One example relates to a leading producer of 
several thousand varieties of axle parts. With 
conventional quench oils, rejects were high due 
to unfavorable stress concentration and subse- 
quent cracking. After changing to Voluta Oil, 
maximum uniformity was achieved because of 
Voluta’s superior wetting-out properties and 
stable cooling rate. For heat-treating purposes, 
Voluta Oils proved stable at temperatures from 
130° to 200° F. They also provided greater sur- 
face hardness, depth of hardness and uniformity. 


A well-known manufacturer of automotive 
steering units was faced with a similar situation. 
Here the problem involved heat-treating low- 
carbon-steel parts as well as grey-iron castings. 
Although they were of widely varying materi- 
als, shapes and sizes, this company found that 
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Shaker hearth furnace automatically dumps parts into 
Shell Voluta Oil, then removes and drains them. 


Voluta Oil was far superior in all these ways: 
1) longer life; 2) clean, scale-free parts; 3) wider 
range of quench temperatures; 4) no rejects due 
to distortion; 5) no sludge formation. 


Still another case occurred during the manu- 
facture of many thousands of different shaped 
springs. This company wanted to insure max- 
imum elasticity of their springs, and to achieve 
this a 100 per cent martensitic structure had to 
be maintained. Tested in competition with sev- 
eral other quench oils, Shell Voluta Oil again 
proved superior because it resulted in the pro- 
duction of distortion-free springs, and allowed 
quicker drainage and minimum dragout loss. 


Another feature: Voluta affords substantial 
savings on a yearly basis. . . and it further proves 
its economy in reduction of rejected parts. 


Perhaps you have a similar quench problem 
... or any quench problem, for that matter. It 
would be to your advantage to call or write your 
nearest Shell Oil office. We’d be glad to have our 
representative discuss your particular quench 


problem and methods to help overcome it. 
*Registered Trademark 
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Over 35,000 prints of production items like these 
(quenched in Voluta Oil) are kept on file by one lead- 
ing steel spring manufacturer. 


Parts are heat-treated and quenched in two-zone 
hardening furnace while Voluta Oil’s temperature is 
closely controlled. 


$ = 
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Castings and low-carbon-steel parts for hydraulic 
steering units are all processed through the same 
heat-treating furnaces and quench tanks. 





SHELL OIL COMPANY 


50 WEST SOTH STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 
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Tubexperience in action 
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Superior weighs 2 wall to zero in’ on your tubing rolerance 


Weight control gives precise check of 
tubing dimensions to help your product 
performance 


*These delicately balanced scales weigh a length of tubing 
accurately to within 1/1000 Ib. The relationship of weight to 
length and to OD tells us how closely the tubing wall or ID 
conforms to specifications. This fast, precise method of 
checking average wall or ID enables us to provide you with 
a tubing order whose overall uniformity is unusually high. 
In certain applications, tubing produced by this weight control 
method can materially improve performance for you. It 
results in minimizing variations in your product caused by 
tubing whose average wall or ID varies too widely from the 
required design mean. 


This is but one of many modern tools and techniques that 
help improve the already high quality of Superior small tubing. 


Our premium quality small tubing is offered in a range of analyses 
(over 120) unsurpassed in the industry. Included are stainless, 
carbon and alloy steels, nickel and nickel alloys, beryllium-copper, 
titanium and zirconium—and 16 different Super Alloys. Our 
range of sizes and shapes is equally extensive. 


Special services include statistical quality control, pilot and test 
lot sampling and melting, dye penetrant inspection, ultrasonic 
and hot tensile testing, eddy current and X-ray inspection, 
specification services—and field specialists who will call on you 
at your request. 


For handy reference in your files, get a copy of Bulletin 40, “Selec- 
tion and Application Guide for Superior Tubing.” Write Superior 
Tube Company, 2008 Germantown Ave., Norristown, Pa. 


Swear Jule 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 2% in. OD 





West Coast: Pacific Tube Company © 5710 Smithway St., Los Angeles 22, Calif. e RAymond 3-1331 
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imp Shafts 
Machined — 
and Hardened F==-L 


in operation... 


TOCCO-equipped 8-spindle Acme-Gridley Screw 
Machines at a large automotive manufacturer’s plant 
produce vane pump shafts for power steering units 
in one completely automatic operation! The harden- 
ing and metal-working operations are combined on 
the same machine.* No additional handling—no 
hardening cost except power! 

A TOCCO inductor, mounted at one station of 
each automatic, hardens collars on pump shafts after 
they have been completely machined at preceding 
stations on the same machine. Each installation con- 
sists of 3 automatic machines equipped with inductor 
coils powered by a 50 KW, 10,000 cycle TOCCO unit. 
Production from each installation is 360 shafts per hr. 

Shafts are made of C 1144 and only the collar is 
hardened to prevent scoring the seal. TOCCO’s rapid 
heating confines the hardened area to the surface of 
the collar leaving the rest of the shaft unaffected. 


If your products or their components require heat 
treating, soldering, brazing or heating for forging, it 
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Plan view of TOCCO-equipped automatic screw 


4.3. 





Induction Heating 


will pay you to investigate TOCCO for better, faster 
production at lower unit costs. 
*A Patented Process 


The Ohie Crankshaft Co. + Dept. 8-5 , Cleveland 5, Ohie 


ing and Heat Treating.” 


Please send copy of “Typical Results of TOCCO Induction Harden- 
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installation for hardening collars on vane pump shefts. 





Republic 
Stainless Steel 
Circles the World 


When “Explorer I” was successfully placed in orbit by the U.S. 





Army from Cape Canaveral on January 31, a new era was opened 
for the use of Republic ENDURO® Stainless Steel. 


Vital instruments in the nose section of the satellite are protected 
by a cone of stainless steel produced by Republic. This nose cone 
was fabricated from Type 430 by The Lodge and Shipley Com- 
pany, Cincinnati, Ohio, using the Floturn Process. By flow-turning, 
the wall thickness of the cone can be increased in specific areas to 
comply with design requirements of high temperatures or stresses. 


Stainless Steel is highly ductile. It is readily formed into desired 
shapes by cold-forming, drawing, and bending operations. It pro- 
vides low thermal expansion and is highly resistant to atmospheric 
corrosion, erosion, and oxidation at high temperatures. 


Republic is the world’s largest producer of stainless, heat-resist- 
ing, and alloy steels. As rapid developments in the fields of super- 
sonic aircraft and missiles increase demand for these high-strength, 
select formula steels, Republic is keeping pace through research 
and new production facilities. 


Our metallurgists and engineers are always available, without 
obligation, to work with your personnel in using Republic Stain- 
less Steels, Heat-Resisting Steels, Alloy Steels, and Titanium to 
best advantage. Check and mail the coupon if you would like a 
Republic specialist to call at your plant. 


Official U.S. Army photograph shows launching of Jupiter-C Missile and "Explorer |" Satellite 
from Cape Canaveral, Florida, 10:48 PM, EST, January 31, 1958. 
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“Explorer |" is positioned on spin launcher. The satellite is spin-stabilized 
in much the same manner as a rifle bullet. Rotational spin of more than 700 
RPM was started on the ground before the satellite was launched. In this 
Official U. S. Army photograph, the striped area at the top of the Explorer 
indicates the nose cone fabricated from Republic ENDURO Stainless Steel, 
Type 430. 


REPUBLIC ALLOY STEEL provides high strength and dependable 
toughness in jet engine compressor rotor discs. In Pratt & Whitney's 
J-57 jet engine, Republic Hot Rolled Alloy Steel, AMS 6415 
(AIS! 4340), furnishes the highest strength values—plus an ex- 
ceptionally high strength-to-weight ratio that permits the design 
of thinner, lighter sections to save weight and hold down size 
without sacrifice of strength or safety. The discs are machined 
from forgings by the Jet Division of Thompson Products, Inc 
Forgings are supplied by Wyman-Gordon Company. 


REPUBLIC TITANIUM is currently being used for many applications 
in both aircraft and missiles. Because of its high strength and 
weight saving factors, titanium has replaced other materials 
normally used for firewall and nacelle construction. In missiles 
and rockets it has almost unlimited applications. Titanium's ex- 
tremely high corrosion-resistance makes it attractive for tanks to 
hold acids used in combination with missile fuels. Nitric acid, for 
example, has negligible effect on titanium. It is practically immune 
to salt water and sea air corrosion. Send coupon for more facts. 


REPUBLIC 


STEEL 


Woldi Widest Range 
of Standard Steels and 
Stack Produce 
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REPUBLIC STEEL CORPORATION 

DEPT. MP -5576 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Have a metallurgist call. 

© Stainless Steel ©) Alloy Steel O Titanium 
Send more information on: 

© Stainless Steel 0 Alloy Steel O Titanium 


Name. a 





Company. 


Address. 








Zone State 














From left to right: Stanley Pyciak, Purchasing 
Agent; Richard Hammerstein, Park East Lansing 
Representative; J. H. McKliveen, Chief Metol- 
lurgist; William Pickell, Foreman Heat Treating 
Department. 


“PARK’S NU-SAL and THERMO-QUENCH .. . give us 


excellent results ... in austempering automatic 
transmission bands to exacting specifications.” 


J. H. McKlveen, Chief Metallurgist, Kelsey-Hayes Wheel Co., Jackson, Mich., says, “Our 
problem is one of supplying the heavy demands of the automobile industry for automatic trans- 
mission bands to their exacting specifications. 


“We austenitize these bands at 1550-1600 degrees F. in Park Nu-Sal for seven to ten minutes 
depending on the thickness of the band. They are then quenched at 650 degrees F. in Park 
Thermo-Quench for seven minutes. These operations are followed by a cold water quench, 
hot water rinse, and a soluble oil bath for preservation until use. 


“The reason we use Park Chemicals? Over a period of years, we've found Nu-Sal and 
Thermo-Quench meet our toughest requirements. When you are doing a high volume job, 
any stoppage is a major problem. Park chemicals have helped us reduce downtime—up 
production. And one other thing, you can’t beat Park for service and delivery.” 


For complete data on Park Nu-Sal Neutral Salt write for technical bulletin H-2. For complete 
data on Park Thermo-Quench write for technical bulletin H-19. Park Chemical produces a 
complete line of heat treating and quenching materials and would be happy to help you work 
out a solution to your heat treating problems without obligation. Call or write today. 


Woodside Rapid Carburizers (Non-Burning—Chercoal—Coke—Specification) @ Park-Kase Liquid Carburizers @ Qu hing 
and Tempering Oils @ Cyanide Mixtures @ Neutral Salt Baths @ High Speed Stee! Hardening Salts @ Iso-Therme! 
Q hing and Tempering Salts @ Protective Coatings (No-Carb—No-Kase—No-Scale—No-Tride) @ Carbon Products 
(Charcoal—Crushed Coke-Pitch Coke—Lead Pot Carbon) @ Kold Grip Polishing Wheel Cement @ Par-Kem Metal Cleaners 
@ Cutting and Grinding Compounds (Kem-Cut—-Kem-Grind—Blive Ice) 


PARK CHEMICAL COMPANY 2074 Military Ave. © Detroit 4, Mich. 
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HAYNES Alloys solve the tough heat problems 


Hangers must maintain firm grip ...to prevent 
fire-brick from crumbling. After 5 weeks of op- 
eration here’s what happened to the hangers 
the four on the left are made of HASTELLOY 
alloy X, the others are not. 


R A YEAR 
at 2000 deg. F. 


Puaxace DOOR HANGERS made of HASTELLOY alloy 
X are nearing completion of their second year of serv- 
ice, where ordinary hangers failed in three to four 
weeks. They support the interlocking firebrick of the 
doors and are exposed to the direct impingement from 
the 2150 deg. F. furnace flame and reducing or oxidizing 
atmospheres. 

This is another example how HAYNES alloys serve 
the metalworking industries ... by providing parts that 
are strong at high temperature. If you have a mainte- 
nance or production problem involving 
temperatures in the 1000 to 2100 deg. 

F. range, contact HAYNES STELLITE 
COMPANY, Division of Union Carbide 
Corporation, General Offices and Works, 
Kokomo, Indiana. Sales Offices in Chi- 
cago, Cleveland, Detroit, Houston, Los 
Angeles, New York and San Francisco. 


HAYNES 


HAYNES STELLITE COMPANY 


Division of Union Carbide Corporation 
Kokomo, Indiana 





Up Sires. 


| “Haynes,” “Hastelloy” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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NOW! 3 new moly 
carburizing steels 


4422, 4427 and 4520 


The Timken Company is now producing in quantity 
three new molybdenum carburizing steels — 4422, 
4427 and 4520. These new steels are already provid- 
ing important economies for manufacturers of ring 
gears, pinions, transmission and differential gears. 


These fine grained direct quenching steels offer the 
following advantages: 


1. ECONOMY —They offer you overall economies in every 
step of your production process. 

2. EASILY ANNEALED —These steels respond to simple 
annealing treatments including direct air cooling. 


3. MACHINABILITY—Users of these steels report good 
machinability. 
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4. HIGH CASE HARDENABILITY— See chart. 


5. HIGH CASE HARDNESS—Direct quenching from 1700°F 
produces high case hardness. 


6. A DESIRABLE RANGE OF CORE HARDENABILITY— 
See chart. 


These new moly carburizing steels are available in 
bars, forging billets and tubes. Our metallurgists have 
been working with these new steels for more than two 
years. They will be glad to discuss them with you. 
Write or phone: The Timken Roller Bearing Company, 
Steel and Tube Division, Canton 6, Ohio. Cable 
address: “TIMROSCO”. 


Fine 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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DESIGN AND CONSTRUCTION OF THE SUBMERGED ARC FURNACE 


By W. M. KELLY, Plant Metallurgist, Niagara Works 
Electro Metallurgical Company, Division of Union Carbide Corporation 





DESIGN AND CONSTRUCTION 
OF THE SUBMERGED ARC FURNACE 


... THE MODERN METALLURGICAL TOOL 


By W. M. Kelly, Plant Metallurgist, Niagara Works 
Electro Metallurgical Company, Division of Union Carbide Corporation 


The Submerged Arc Furnace is a modern metallurgical 
tool for producing such industrial products as: Alloys, 
Calcium Carbide, Abrasives, Pig Iron, Phosphates and Ti- 
tanium Dioxide. Shown is general cross section of typical 
ferroalloy furnace, auxiliaries and supporting structure. 


Introduction 


The first commercial submerged are furnaces were placed 
in operation in the late 19th century. To a large degree 
their design has remained (for over a half century) a 
matter of arbitrary decision without formalization to 
ensure the most suitable metallurgical conditions. In gen- 
eral, this type of furnace has been designed almost entirely 
from the standpoint of the electrical universe it repre- 
sents and several outstanding papers have been written 
concerning the electrical design of these heavy current 
furnace circuits. 
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The concept of a submerged arc furnace as a large, high 
temperature chemical vessel was little explored, and only 
trial and error information concerning furnace sizes, 
shapes, depths and electrode sizes was available. Gradually 
it was discovered that certain furnaces were suitable for 
given products, but eminently unsuitable for others. As 
the variety of alloys and materials produced by submerged 
arc smelting grew, the need arose for a system of predict- 
ing desirable furnace characteristics. 

During the 1920's, F. V. Andreae developed the con- 
cept of electrode periphery resistance designated by the 
formula: 


 _ExD 
k I 


electrode periphery resistance 
E = electrode-to-ground voltage 

I = current per electrode 

D = electrode diameter in inches 


where k 


This relationship, known as a “k” factor, was arrived at 
by observation of vast furnace data and noting that given 
smelting operations seemed to have a typical product of 
furnace resistance and electrode circumference. Although 
published in several papers by Mr. Andreae, it went 
almost unused for mariy years. Later, Mr. Andreae ex- 
panded on the concept by equating the heat generated 
by current flow in an electrode with the heat conducted 
from an electrode submerged in a high temperature zone 
and combined this equation with the electrode periphery 
resistance concept. It was concluded from this combina- 
tion that the power density in an electrode must be con- 
stant if it is a valid assumption that electrode periphery 
resistance is a constant. Thus a beginning was made to a 
useful relationship between electrical conditions of a 
furnace and the metallurgical results. 

During the early 1940's, after consultation with Mr. 
Andreae, the writer applied this concept to an accumula- 
tion of phosphorus furnace and ferroalloy furnace data 
for various products. In 1950, ranges of “k” factor were 
established for the principal submerged arc operations. 
This was based on the furnace data then available. From 
these data an attempt has been made to derive additional 
information relating to “k” factors and to associate this 
information with other design and operational considera- 
tions to formalize a suitable system for designing sub- 
merged arc furnaces with metallurgy in mind. 


Electrical Conditions 


Since submerged arc furnaces are electric furnaces, it is of 
prime design importance that there be a thorough under- 
standing of the relation between electrical conditions and 





metallurgical results. Obviously a 10000 kw. furnace can- 
not be run at an indiscriminate voltage, and so the voltage- 
current relationship for a given load must be understood. 
The “k” factor concept provided this understanding for 
constant power densities. 

Typical “k” factor values for the major submerged arc 
furnace operations are shown in Figure I. These ranges 
for a given product merely reflect the available data and 
were a first attempt to provide an orderly picture of the 
range of electrical conditions employed by these opera- 
tions. In a few cases, such as 50% ferrosilicon, data were 
available for an exceptionally wide range of conditions. 
The figures shown represent the area where maximum 
performance results were obtained. 


TYPICAL “K"’ FACTORS 
FOR SUBMERGED ARC OPERATIONS 


PRODUCT “K" FACTOR 


og, | 
H.C. FE CR (Low Si) ee 
Ee 
H.C. FE CR (High Si)___—_ slittenstanieal .30 
CA C, (Continuous)_ ssitgueatciadaiiaiiaiinnaiat .22 
EN ; ; .32 

75% FE SI (Continuous) .20 
(Packets) —_ . .30 

8 8 BS 17 
Si MN a , 15 
STD. FE MN___ al 13 








(FIGURE 1) 


The high-carbon ferrochrome (low silicon) designates the 
normal sales grades of ferrochrome containing 4-6% carbon 
and 2% silicon. High-carbon ferrochrome (high silicon) 
indicates the process grades of alloy containing approxi- 
mately 6% silicon, but also encompasses present day charge 
chrome and minimum 7% carbon grade. Each of the speci- 
fic grades of ferrochrome will demand its own specific 
range of electrical conditions. 

Most of the figures represent data taken from covered 
three-phase furnace operations, although, open furnaces 
and single-phase furnace data are also included and fall 
in the same ranges. Two ranges are shown for both cal- 
cium carbide and high per cent ferrosilicons. In both cases 
the higher range represents the electrical conditions em- 
ployed by the old design rectangular packet furnaces. 

The range of electrical conditions represented by these 
figures constituted a challenge to the development of a 
furnace design principle that would relate electrical, di- 
mensional and metallurgical requirements. For each oper- 
ation where sufficient information was available, a study 
was made of the relationship of electrical conditions to 
such factors as efficiency, recovery, alloy composition and 
similar performance characteristics. The random design 
experience of the industry had resulted in furnaces of 
quite different dimensions and electrode sizes for given 
loads, and data were available for given operations at 
widely different power densities. A broad relationship 
between power density and “k” factor has gradually been 
accumulated for most of the major products shown in 
Figure IT. Part of these data were compiled from informa- 
tion gathered in Europe which allowed an extrapolation 
not previously available from Electro Metallurgical Com- 
pany data alone. 
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(FIGURE Il) 


These curves in Figure II do not represent all of the 
random operating experience available. Rather, they are 
selected data representing what is known to be satisfac- 
tory working areas for fully competitive performance. 
Operations on many of these products at “k” factors far 
removed from the indicated relations are often encoun- 
tered in the industry. For example, 50% ferrosilicon has 
often been produced at a “k” factor of 0.15 compared to 
the level above 0.30 shown on the curve. Such operations 
were normally substandard in some performance phase, 
and the indicated curves represent satisfactory operating 
conditions so far as present knowledge can define them. 

It was previously noted in connection with Figure I that 
packet furnace data for calcium carbide and high per cent 
ferrosilicons indicated consistently higher “k” factors than 
did continuous electrode furnaces. The slopes of the 
curves for these products in Figure II are thus determined. 
One of the notable features of the packet furnaces was 
invariably the fact that much lower power densities, in 
terms of kw/sq. in. of electrode cross section, were em- 
ployed as compared to the continuous electrode furnaces. 
This fact raised the question of whether there was an 
electrode “shape factor” to be taken into account. The in- 
clusion of European data, where operations are generally 
conducted at lower power densities, provided curves of 
the same general slope for continuous electrodes as those 
derived from packet furnaces. The curve for standard 
ferromanganese is a typical example of data derived only 
from continuous electrode operations. It was thus con 
cluded that shape of the electrodes did not have a major 
distorting influence. 

Other curves shown included both single-stage and two 
stage ferrochrome-silicon, an experimental aluminum- 
silicon operation previously published, and low-silicon 
high-carbon ferrochrome. 

If the voltage and current were both held constant for 
a particular operation while the electrode size was in 
creased, the result would be a lower power density and 
higher “k” factor. A theoretical curve for such a case is 
also shown on Figure II and the slope represents the effect 
of changing electrode size at constant voltage and current 
values. Note that the actual curves tend to exceed the 
slope of the theoretical curve and, therefore, represent a 
real change in electrical conditions attributable to the 
power density. 

The initial stages of design for a submerged arc furnace 
must take these electrical relations into account. No other 








feature of furnace design can be properly determined 
until the desired “k” factors for the products in question 
have been determined and suitable power densities are 
in mind. Proper evaluation of these relations depends on 
the accumulation of a wide variety of operating results. 
The elaboration of this data, however, can provide a 
reliable and permanent basis for submerged arc design 
tailor-made to the product under consideration. 


Electrode Size 


It has been the practice to select electrode size for a sub- 
merged arc furnace based on the anticipated current 
density for the operation contemplated. In general, an 
arbitrary decision is made concerning the power to be 
integrated and economics has dictated the highest possi- 
ble current density in order to keep capital cost to a 
minimum. Expressed another way, it has been the practice 
to operate a given unit at the highest load that the elec- 
trodes would allow in order to extract maximum produc- 
tion from the unit; normally this maximum production 
does not coincide with the point of optimum performance. 

For the purposes of consistent design, it is necessary to 
bear metallurgical results in mind and some factor other 
than electrode size might more appropriately be made the 
limiting factor. Once the unit is properly arranged for 
optimum performance, it can then be operated at the 
proper economic level with a reasonable insight into the 
consequences. Selecting electrodes by current density is 
unsatisfactory since it tends to provide for good electrode 
performance without regard to metallurgical performance. 
Since reasonable limits to current density are important, 
it becomes necessary to relate this parameter to the other 
electrical conditions dictating the furnace design. 

Figure III presents a graphical illustration of the gener- 
ally accepted current density values for standard prebaked 
carbon electrodes. Superimposed on this graph is a curve 
derived from the empirical equation: 


C= 2530/vV »D 
where C = current density, amp./sq. in. 
D = electrode diameter, inches 
CURRENT 


DENSITY 
AMP. / SQ. IN. 
100 











ELECTRODE DIAMETER, IN. 


(FIGURE IIl) 


This equation represents the high edge of the current 
density range as shown by the graph and should provide 


a useful basis for furnace design which would assure 
satisfactory electrode performance. 

This guide to maximum current densities plays a most 
important role in operations having a low “k” factor, such 
as standard ferromanganese where current densities at 
suitable power densities always tend to run high. Many 
other operations utilizing high “k” factors will be properly 
designed at current densities far below this maximum 
guide. 

Under the present system of design, the first estimate of 
electrode size would be made from the power density — 
“k” factor relations of Figure I. Choice of power density 
should be influenced by accumulated experience, ability 
to obtain the corresponding “k” factor—taking transformer 
limitations and reactances into account, and finally by the 
effect of these choices on electrode current density using 
Figure III as a guide. 

For example, suppose it is desired to design a 7000 kw. 
standard ferromanganese furnace. By selecting points 
from the appropriate curve relating power density and 
“k’ factor (Figure II), it is possible to calculate the re- 
quired electrode size, arc voltage and secondary current 
to satisfy that relationship. The resulting current densities 
can then be checked against the current density guide 
until values approaching the curve C = 250/\/ pare 
obtained. Thus satisfactory conditions for both metallurgi- 
cal performance and electrode performance are obtained. 
Actual figures for the case in question are tabulated. 
These calculations show that for a 7000 kw. load, a power 
density of 2.2 requires an electrode of 37 inches diameter 
but results in an excessively high current density for good 
electrical performance. 


SELECTION OF ELECTRODE SIZE 
STANDARD FERROMANGANESE 


DESIRED LOAD KW ___.7,000 KW-3 PHASE 
“K"’ FACTOR (from curve)____.10 14 
POWER DENSITY _-_____.2.2 1.8 
ELECTRODE SIZE FOR P.D.___.37 40 
oe De l———— 51 
SEC CURRENT __-__52000 45500 
CURRENT DENSITY - —48.5 35 
ALLOWABLE C.D. (from guide)_42 40 


(FIGURE IV) 


Assuming there is a choice of standard sizes in prebaked 
electrodes, a 35 inch diameter would be eliminated from 
consideration and a 40 inch diameter, being the next 
larger standard size, would be chosen. This electrode 
would result in a slightly lower power density and allow 
a slightly higher “k” factor. The current density in this 
case would be below the maximum considered satisfac- 
tory. An academic balance would indicate an electrode 
of 38.5 inches should be chosen to arrive at agreement 
between allowable and actual current densities within the 
limits of the other electrical requirements. 


Electrode Spacing 


After determination of desired load, electrical relation- 
ships and electrode size, the next important feature of 
three-phase furnace design to be determined is electrode 





spacing. In the past, this has been arrived at by experience 
and various arbitrary relations. One design method com- 
monly employed has been to allow a clearance between 
electrodes equal to one electrode diameter. For relatively 
easy smelting operations, this is sometimes increased to 
two electrode diameters. Many of the covered all-purpose 
furnaces in the industry have a typical electrode spacing 
of 1.5 diameters clearance. This dimension has been dic- 
tated, at least in some degree, by the clearance require- 
ments for accessory equipment over the furnace and has 
only passing relationship to metallurgical performance. 
In some operations such as continuous electrode smelting 
of high per cent ferrosilicon, it has been found desirable 
to compress this spacing to nearer one electrode diameter 
clearance. 

Recently, an attempt was mde to develop a design 
theory along the lines that electrodes represent point 
sources of heat and that the heat radiated spherically in 
all directions. Under this assumption, the electrode spac- 
ing could be related to the cube of the reaction zone diam- 
eter. If a suitable spacing were known for a given opera- 
tion at a fixed power input, it would be possible to design 
furnaces of any other size based on this proportionality. 
At low power densities, the assumption that the electrodes 
represent point sources of heat becomes less and less 
valid. The heat does not radiate spherically, partly as a 
result of the reflecting effect of the large electrode itself. 
This approach was therefore discarded in favor of the 
theory that power is dissipated over a fixed area of reac- 
tion zone and the kilowatt input is proportional to the 
square of the reaction zone diameter. 

In order to test the relationship between electrode 
spacing and power input, data were accumulated from 
50% ferrosilicon operations where the greatest variety of 


furnace sizes and loads was available. On the assumption 
that operating experience had led to a proper electrode 
spacing for the furnaces of various loads, the linear, area 
and volume proportionalities were calculated. The results 
of the area calculation are shown in Figure V. 


ELECTRODE SPACING VS LOAD 
50% FERROSILICON 


ACTUAL FCE ACTUAL CALCULATED | RATIO 
LOAD, KW. SPACING, FT. | SPACING, FT. | CALC./ACTUAL 
12000 | 85 9.2 
10900 85 8.8 
10560 8.5 8.6 
10100 8.5 8.4 
11400 8.0 | 8.9 
8.0 8.8 
8.0 | 8.7 
8.0 8.1 
6.0 7.3 
5.5 54 
5.0 5.4 








(FIGURE V) 


The basis for the calculated spacings was taken to be an 
8.5 foot spacing at a load of 10250 kw. This relation was 
selected due to a long record of particularly good furnace 
performance under these conditions. 

Using the linear proportionality, a ratio of calculated to 
actual spacing for the furnaces in question ranged from 


0.68 to 1.18, or a net range in ratio of 0.5. The volume pro 
portionality resulted in a net range in ratio of 0.28 while 
the area relation gave the lowest net range of 0.22. Gen- 
eral agreement between actual and calculated spacings 
was good throughout the entire range on an area basis, 
while the volume relations tended to stray off at the low 
end and the linear relation deviated widely at both ends 
of the range. 

These data, and knowledge of the actual performance 
characteristics of all the furnaces listed, were taken as 
adequate indication that a furnace design rationalization 
based on an area concept was preferable to one based 
on either a linear or volume principle. It appeared satisfac- 
tory to assume that furnace load is proportional to the 
square of the electrode spacing. 

Fundamental furnace design data for each submerged 
are operation can be collected by studying the perform- 
ance of existing furnaces and arriving at load and spac- 
ing relationships that are proved satisfactory. Any other 
furnace size can be properly dimensioned based on this 
proportionality. 


Reaction Zone and Crucible Diameter 


With the acceptance of the area concept of power dissi- 
pation in a submerged arc furnace, it becomes possible to 
speculate on the size of reaction zones and to relate these 
zones to electrode spacing. 

The first insight into the relationship is provided by 
determining the minimum possible reaction zone. Figure 
VI shows the relationship between minimum reaction zone 
diameter and electrode spacing for a triangularly arranged 
furnace. In this figure, minimum reaction zones are drawn 
about each electrode so that the edges just touch between 
electrodes. By normal trigonometric relations it can be 
shown that this minimum reaction zone diameter, D,, 
is equal to the electrode spacing and that the minimum 
furnace diameter, Dy, circumscribing these reaction 
zones is equal to 2.16 times the spacing. Thus when: 
D,=2(H+ 3) =2.16S, D,=S. 

It stands as self-evident MINIMUM FURNACE REACTION ZONE 
that this arrangement * or (um . 
would measure the a i 
minimum reaction zone. %, 
Any diameter less than 
this would not allow the 
flow of fluid materials 
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an undesirable dead spot 
in the furnace. 


(FIGURE VI) 


For the other extreme, a maximum reaction zone was 
assumed to be one in which the edge of one reaction zone 
extended to the edge of the electrode centered in an 
adjoining reaction zone, as shown in Figure VII. In this 
case, it can be shown that the maximum reaction zone D, 
is equal to twice the spacing, less the diameter of one 
electrode. Thus when: p,( Max.) =2 (H+ (S—22)]=2.31S 
—DE, D,=2S—DE. ’ 





MAXIMUM FURNACE REACTION ZONE 


(FIGURE Vil) 


The maximum furnace diameter, Dy, circumscribing 
these reaction zones is represented by the equation shown 
in the figure. 

In the center shaded area in this case, all three reaction 
zones overlap, in what would be an overly active and 
uncontrollable region of a submerged arc furnace. This 
represents the opposite undesirable extreme from the dead 
zone between minimum reaction zones. 

After studying these extremes, it was concluded that an 
optimum furnace reaction would be one in which adjoin- 
ing zones slightly overlapped and where all three just 
touched in the center, without leaving either a dead or an 
overactive center area. Such a condition is shown in Figure 
VIII. This diagram indicates that the relationship be- 
tween reaction zone and electrode spacing is for the re- 
action zone to be equal to 1.16 times the spacing. The 
active furnace diameter corresponding to these reaction 
zones would then be 2.3 times the spacing. Thus when: 

4 28 


s i s ~ 
D,=4H - \ 37 =2.8S, D, /.* 1.165. 


OPTIMUM FURNACE REACTION ZONE 


(FIGURE Vill) 


Furnace Shell Diameter 


The foregoing equations provide a basis for determining 
the diameter of the actual furnace crucible. Practical ex- 
perience has indicated that it is not desirable to have the 
molten zone contact the furnace lining. It appears that an 
empirical addition to the calculated furnace diameter, Dy, 
is desirable. Existing furnace data suggest that the diam- 
eter of crucible inside the lining should be approximately 
1.15 x Dy. 

In the design of many furnaces, it has been customary 
to place the center of the electrode triangle slightly in 
front of the center of the shell. This practice tends to en- 
sure that the tap hole area is the weakest part of the 
furnace and burnthroughs are not likely to occur at other 
places around the circumference. This practice tends to 
result in shells of larger diameter than necessary and it is 
recommended that the center of the electrode triangle 
and furnace shell coincide. In the case of rotating hearth 
furnaces, this symmetry is essential. 

One of the critical furnace dimensions is the distance 
from the electrode face to tap hole and in order to satisfy 
this dimension, the electrode triangle has been moved 
forward. This distance varies for different operations for 
the same reason that electrode spacing varies; i.e., due to 
varying refractoriness of the materials being smelted. 
The electrode spacing and distance to tap hole should be 
related. From Figure VIII, it can be seen that distance 
from electrode face to reaction zone can be expressed by 

Ss DE 


the equation L Yo in a 


Furnace Depth 


One of the most difficult features of furnace design to 
reduce to formal relationships is furnace depth. Various 
empirical approaches in the past have included such rela- 
tions as voltage per foot of depth, without being adequate 
measures of depth requirements. Using the theory that 
electrode tips are point sources of heat, the suggestion 
arises that power input is proportional to the cube of 
depth. This relation does not seem to bear out in actual 
practice and the point source theory was discarded in the 
case of electrode spacing. 

Observation of many furnace reaction zones during 
digouts and repairs has led to certain useful information. 
In smelting operations such as the ferrosilicons, ferro- 
chrome-silicon and aluminum-silicon alloys, it has been 
noted that a highly conductive matrix of hearth metal fills 
the bottom of the furnace to a depth within inches of the 
point that the electrode tips have operated. In certsin 
operations where electrode tips have normally been 60 
inches off hearth, there will be upwards of 55 inches of 
conductive hearth metal beneath the electrode. 

It has been customary to think of the interior of a sub- 
merged arc furnace as being occupied by materials in 
progressively more complete states of reduction, ranging 
from raw materials at the surface to final product at the 
hearth line. The heavy layer of hearth metal always en- 
countered, now suggests that the furnace is actually 
divided into two relatively distinct zones. Below the elec- 
trode tips is the observed hearth metal of high conduc- 
tivity, reasonably uniform composition, and essentially 
reacted material. Above the electrode tips are the unre- 
acted and partially reacted raw materials of relative non- 
conductive nature. 

In the upper zone of the furnace, heat transfer must be 





preponderantly through the mechanism of convection, 
since this is the zone where reaction occurs and hot reac- 
tion gases are rising. In the lower zone, relatively little 
gas passes to aid convectiou. The more highly conductive 
nature of the hearth metal suggests heat transfer in this 
zone is predominantly by conduction. 

From a practical operating standpoint, it is desirable 
to suffer as little heat loss as possible and the tempera- 
ture of the off-gases from the surface of the furnace 
should be kept to a minimum. This factor governs the 
desired furnace depth from mix surface to electrode 
operating depth. On this basis, the upper portion of the 
furnace can be treated essentially as a packed tower with 
heat being transferred from the hot gases to the particles 
of mix. 

The usual relationships for such a case indicate that the 
rate of heat flow is directly proportional to the unit heat 
transfer surface, the coefficient of heat transfer, the cross 
sectional area of the mix bed, the depth of heat transfer 
bed and the temperature difference. 

In the design of an electric furnace for a given smelting 
operation, the transfer coefficient and unit heat transfer 
surface would be constant mix characteristics determined 
by the raw materials for any size furnace. Similarly, the 
desired temperature difference would be a constant. A 
previous relation has indicated that the electrode spacing 
and the area should be proportional to the load. 

Under these circumstances it is evident that the rate of 
heat flow is directly proportional to the depth. It is indi- 
cated that at constant power density, the depth of mix 
from electrode tip to surface would be constant for any 
size furnace. With increases in power density, this depth 
should be increased proportionately. 

The lower portion of the furnace burdened with hearth 
metal can be represented as a large heat conductor where 
flow of heat is directly proportional to thermal conduc- 
tivity, area and temperature differential, and inversely 
proportional to depth. 


For a given smelting operation, both thermal conduc- 
tivity and temperature differential are constants and the 
rate of heat flow is directly proportional to the area and 
inversely proportional to the depth of hearth metal. Since 
the sensible heat in tapped metal is a significant energy 
loss, it is desirable to tap at the lowest temperature con- 
sistent with the hot metal handling techniques and skull- 
ing characteristics of the alloy involved. 

For any given power density and accompanying heat 
distribution pattern, the amount of heat lost in the tapped 
metal would be dependent on the depth of hearth mate- 
rial. An increase in power density would tend to demand 
an increased depth of hearth metal to keep conducted 
heat from increasing. It is concluded that the two zones 
of depth should be constant for constant power density, 
regardless of total load, and increases in power density 
must be accompanied by proportional increases in furnace 
depth to maintain the same level of heat losses. 

Although these concepts of heat flow in a submerged 
arc furnace are oversimplifications of actual conditions, 
they nevertheless provide a consistent basis for design. 

A useful relationship, therefore, becomes the ratio of 
inches of electrode submerged in the mix to the distance 
of electrode tips off hearth. This ratio varies widely with 
different smelting operations and typically ranges from 
3.0 to 0.3 for the normal alloys produced. Knowledge of 
these values materially aids in proper furnace design for 
a given operation. 


Dimensional Relations — 
Packet & Continuous Electrode Furnaces 


Before the days of covered submerged arc furnaces, a 
common design arrangement was a rectangular furnace 
shell with three rectangular electrodes arranged in line 
These rectangular electrodes were made up of groupings 
or packets of square carbons. Hence, this type of furnace 
became known as a packet furnace. 


Gives greatest flexibility — 

Makes any steel — any time — from 
stainless to plain carbon. Handles cold 
scrap, metallics, hot metal. Starts, 
stops quickly — gives faster melts. 


Delivers highest quality product — 
Closer temperature control possible. 
Lowers capital investment — 
40% less than equivalent open- 
hearth capacity. 


Saves space — 
Savings of 25% and more vs. open 
hearths producing same tonnage. 


Goes up fast — 
Capital investment pays off sooner 


Uses clean fuel — electricity — 
No combustion products to contam- 
inate melt. 





One of the more difficult problems in the past has been 
the translation of results from packet furnaces to continu- 
ous electrode furnaces. Many operations have been re- 
peatedly demonstrated to be less satisfactory in continu- 
ous electrode furnaces than in packets. 

Some of the more obvious differences in conditions of 
packet furnace operation have been the higher “k” factors 
and very much lower power densities that they employed. 
In order to design a continuous electrode furnace with the 
characteristics of a packet furnace, the concept of mini- 
mum reaction zone was applied to packets. 

A typical packet electrode arrangement is exemplified 
by furnaces using three 20” x 80” electrodes arranged in a 
line on 5’6” centers or with 46” clearance between elec- 
trodes. A minimum reaction zone, therefore, extends mid- 
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way between electrodes, or approximately two feet. If it 
is assumed that the reaction zones extend out equally all 
around the electrode, it is possible to determine the entire 
furnace reaction zone size. 

The reaction zone shown for a typical packet furnace 
measures 10.6 x 16.6 feet, based on the minimum reaction 
zone concept. It is interesting to note that actual reaction 
zone measurements made on this type of furnace have 
verified within inches the estimated reaction zone size. 

Under the assumption that the reaction zone extends to 
the center of the area between electrodes, the two reac- 
tion zones of adjacent electrodes must join for the full 
length of the electrode. In continuous electrode furnaces. 
the minimum reaction zones join only at a point. A condi- 
tion more comparable to the packet furnace, therefore, is 
the optimum reaction zone where the zones overlap 
slightly to approximate the line contact between packets. 
With this reasoning as a basis, it is then possible to approxi- 
mate packet furnace conditions in a continuous electrode 
furnace. 

A continuous electrode furnace equivalent to this 
packet would have 45” electrodes on 7’ 6” centers. The 
electrode power density in both cases is 1.76 kw/sq. in., 
the reaction zone area per electrode is equal (58 sq. ft.) 
in both cases and therefore the reaction zone power 
density is equal at 49 kw/sq. ft. and the distance between 
electrodes is essentially equal in both cases. 

It is felt that the application of these principles to con- 
tinuous electrode furnaces, based on packet furnace data, 
would allow the solution to many metallurgical problems 
characteristic of the continuous electrode furnaces. The 
trend indicated for continuous electrodes, based on com- 
parison with the older packets, would be to larger diam- 
eters for existing loads. 


Conclusion 


These design principles have been gradually evolved 
and applied so far as possible in the solution of various 
metallurgical problems. It is fully recognized that a vast 
amount of additional information is desirable and that 
certain of the present concepts are controversial. It is 
strongly felt, however, that the continued development 
of submerged arc furnaces depends upon the formulation 
of a system of design that relates the two important ele- 
ments involved — electricity and metallurgy. It is hoped 
that this presentation will stimulate interest in the problem 
of proper metallurgical design and will serve as the basis 
for the continued development of much more complete 
design relationships. 


The terms ‘National’ and “Union Carbide” are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY 
Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 


IN CANADA: Union Carbide Canada Limited, Toronto. 
Litho in U.S. A. 
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There are many reasons for specifying HTM 
(Pearlitic Malleable) castings. One is extreme wear 
resistance under heavy loads at high speeds. 
But there are many other reasons, too. For example, close 
as-cast tolerances can often eliminate machining operations 
such as on the gear teeth shown above. In this case, it was only necessary 
to drill and machine the key slot. 
Other worthwhile advantages of HTM are high ultimate strength . . . 
excellent non-seizing bearing qualities that can eliminate costly bushings 
. air or liquid quenching . . . ability to be smooth-finished. 
So when you're looking over the materials field, don’t overlook the advantages of HTM castings 
For HTM metal can be cast by either the shell mold, COz, or green sand method. This means production 
costs tumble . . . performance and saleability of your product go up. Hee 





IMPORTANT PHYSICAL PROPERTIES 





Brinell 163 to 302° 


NATIONAL °. CASTINGS COMPANY a" a 


Established 1868 Cleveland 6, Ohio Ultimate, psi 70,000 to 110.000" 





The nation's largest independent producer of malleable and pearlitic malleable Elongation, % 7 to 2° 





*Depending upon grode 








ANNOUNCING 


SILNIC 


BRONZE BY CHASE’ 


NEW...Nickel Silicon Bronze that combines high tensile 
and high yield strength with high conductivity, excellent 
cold-forming characteristics and high corrosion resistance 


Here’s big news for every user of silicon bronze! 
New Siinic‘T™.) Bronze by Chase is absolutely 
unique — the only alloy in the silicon bronze 
family that combines strength, conductivity and 
excellent cold forming characteristics to give 
your products sales and performance advan- 
tages never before available. 


Look at the comparison chart. See how Chase 
Sitnic BRONZE compares with the alloys you 
have been using...how SILNIc BRONZE—an age- 
hardenable nickel silicon bronze — gives you a 
combination of properties no other alloy can 
match! This new alloy is available in rod and 
wire. Get full technical details right now by 
mailing the coupon below. 


The booklet you will receive gives you the 


your own use. In its pages, you will find listings 
of physical and mechanical properties: high 
temperature properties; corrosion resistance 
data; essential fabrication inforr-stion. You'll 
find typical properties of some fav. icated items 
reported, too. 

New Chase Sitnic Bronze has been thor- 
oughly tested—in laboratories and on actual 
production jobs. Many months of work have 
developed full information about this new alloy. 
And it’s all available for you! 


So send in the coupon today for your free 
copy of the detailed Metallurgical Report on 
new Sitnic'?™) Bronze by Chase. Or see your 
nearest Chase Representative at any convenient 
office or warehouse listed below. But don’t delay 





—find out about SILnic Bronze now! 


Chase # 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


facts you need to evaluate this new alloy for 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 


Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Oetroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L.1.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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Compare 
SILNIC BRONZE 


or yourself! 





CHASE BRASS & COPPER CO. Dept. MP558 
MAIL TODAY! Waterbury 20, Connecticut 
s 
[] Please send me my FREE COPY of the metallurgical report on SILNIC BRONZE 
[) | would like a Chase Representative to discuss SILNIC BRONZE with me. 





Get the whole story on this } 
amazing new alloy, Chase 
Sitnic Bronze. Send for your 
FREE report on Mechanical, | 
Physical and Fabrication Prop- 
erties. Get all the information i Address. 
you need to evaluate SILNIC 

Bronze yourself! ‘ City 


Company Name ‘ ie Title 





Zone State 
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‘ake No. 1950 
ULTRASONIC CLEANER 

















This new scientific development is ideal for Beaker. The positioning clamp is required to ac- 
cleaning metallographic specimens. It removes commodate the specimen holder from the Buehler 
the hazard of carrying abrasive particles from a Automet automatic polishing attachment 

CORP Sears Page ah.) C My Gating No. 1950 ULTRASONIC CLEANER . .$495.00 
stage. The cleaning is accomplished quickly, No. 1951 EXTRA 
thoroughly and at low operating cost. No skill is ' 

required. Additional speed and convenience is TRANSDUCER BEAKER . . .$130.00 


achieved by using an additional Transducer No. 1952 POSITIONING CLAMP 
for Automet Holder 


Buchlr Ld. 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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descales 


The above 35’-0” long Drever Continuous Descaling Bath will 
descale 18,700 Ibs/hour when strip enters bath at bath temper 
ature. Entering strip temperature is controlled by regulation of 
quenching temperature after strip is discharged from a cat 

enary annealing furnace. 


Drever descaling baths are heated by gas-fired immersion 
tubes with proportioning automatic temperature control. 


Other baths are supplied for continuous or batch operation 
for strip, plate, wire, tubing and other ferrous or non-ferrous 


fof nanaten.. 
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Typical Losenhausen Fatigue Testing Machine set 
up, consisting of control console, pulsator and 
testing cylinder, as applied to simulate stresses 
in an airplane wing during flight. Precise stress 
distribution is obtained by use of a series of 
levers so that load applied at each section is 


accurately known. 


Versatile Fatigue Testing Machine 
Accommodates Full-Scale Assemblies 


NEWLY AVAILABLE FROM RIEHLE, the Losenhausen 
fatigue testing machine makes possible testing of 
large components over a broad range of frequencies 
and applied loads. 


The machine is hydraulic actuated, and can operate 
individual loading jacks in jigs or frames designed 
and constructed by the user, so components of almost 
any size can be tested. 


Hydraulic design assures long, trouble-free life 

even at high loadings. Machine is non-resonant and 
operates on load control principles. Both static load 
applications and dynamic loadings can be employed, 


and all testing can be fully programmed. 


Rieh le TESTING MACHINES 





A DIVISION OF 


merican Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


“One test is worth a thousand expert opinions” 


Strokes up to 10” can be generated at low frequency, 
and modest strokes can be accommodated at fre- 


quencies approaching 3,000 cpm. 


For detailed information, mail coupon, or write, 


describing your requirements. 


Orner Rience Testinc MAcHINEs: 

Hydraulic and Screw Power Universal Testing Ma- 
chines, Construction Materials, Impact, Brinell, Tor- 
sion, Horizontal Chain, Rope and Cable Testers, 
Portable Hardness Testers for Rockwell Readings, Etc. 


FREE BULLETIN . - MAIL COUPON 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-558, East Moline, Illinois 


Please send 
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Gas-Fired Furnace 

A new carburizing-nitriding fur- 
nace has been announced by the 
Pacific Scientific Co. It can be used 
for all types of general heat treating 
work at temperatures to 1850° F. A 
three-point air lifting action raises 
and lowers the cover. This insures 
a positive seal and eliminates any 
possibility of damaged gaskets or 
cover misalignment. A fan in the 


cover provides for uniform heating 
and atmosphere distribution. It is 
mounted rigidly, while the motc= is 
mounted flexibly. Radiant-type In- 
conel tubes are fired individually or 
on a multiple basis. The furnace is 
available as an electrically heated 
unit in a number of standard sizes and 
capacities. 

For further information circle No. 951 
on literature request card, page 48-B. 


Spectrograph 

An interchangeable direct reading 
attachment for a high resolution 
spectrograph has been announced by 
Baird-Atomic, Inc. This permits a 
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3-meter grating spectrograph to be 
used for routine control as well as re- 
search studies. The direct reading 
attachment presents, as per cent con- 
centration, readout of eight elements 
in less than 2 min. A monitor, in- 
corporated into the direct reading 
attachment, corrects angular devia- 
tions of less than % sec. of an arc. 
An electronic slit setting attachment 
permits realignment to eight different 
elements in less than 1 hr. 


For further information circle No. 952 
on literature request card, page 48-B. 


Brazing Alloy 

American Brazing Alloys Co. has 
announced high-tensile nickel silver 
brazing rod in five diameters bare 
(1/16 to 1/4 in.) and four diameters 
with flux coating (3/32 to 1/4 in.). 
Its melting point is 1700° F.; Brinell 
hardness, 160 to 170; tensile strength, 
80,000 psi.; and shear strength, over 
150,000 psi. Its A.W.S. classification 
is BCuZn-6. 


For further information circle No. 953 
on literature request card, page 48-B. 


Radiography 

A new industrial radiography unit 
has been announced by the Instru- 
ments Div., Philips Electronics. The 
MG 100 weighs 45 lb. and is housed 
in an enameled steel case measuring 


16 by 12 by 6% in. It is connected 
to the tubehead through a flexible 
multiconductor cable. Kilovoltage 
regulation is stepless and is continu- 
ously variable from 30 to 100 Kvp. 
The X-ray generator and tube are en- 


closed in a steel tank weighing 55 lb. 
and measuring 9% by 10% by 14 in. 
The 1 mm. focal spot is eccentrically 
located within the tubehead, closer to 
the port, permitting shorter focal- 
film distances. The radiation angle 
is 42 deg. 

For further information circle No. 954 
on literature request card, page 48-B. 


Gas Welding and Cutting 

A portable machine that can be 
equipped to do automatic welding, 
cutting and heat treating, has been 
announced by the NCG Div. of Na- 
tional Cylinder Gas Co. One model 
travels at welding speeds of 9 to 127 
in. per min. and the other at 1 to 14% 
in. per min. for cutting or heat treat- 
ing. The new machine with electric 


motor, controls and heavy aluminum 
housing weighs 47 Ib. Beam as- 
semblies are available in two lengths 
-74 in. for cutting and 49 in. for 
welding. The beam can be raised to 
41% in. above the straight 10-in 
track of rolled steel. 
For further information circle No. 955 
on literature request card, page 48-B. 


Heat Treating Furnaces 

New features for its straight- 
through heat treating units have been 
announced by Ipsen Industries, Inc. 
Quiet gas burners of alloy construc 
tion operate without tail flames. A 
100% air-gas premix system, new 
ceramic heating tubes, links which 
will withstand temperatures to 2800 
F., one-piece cast fan and shaft as- 
semblies, cast Meehanite door plates 
with machined ways to improve seal- 
ing, heavier alloy frame inner doors, 





Bridgeport Brass chooses 
SPEEDOMAX*® H CONTROL 
for vacuum annealing Ti, Zr 
and special alloys 


Bridgeport, Conn.—Vacuum anneal... cool... 
then draw! Again and again... until the seam- 
less tube of titanium, zirconium or special 
alloys takes final dimensions. 


That’s the procedure at Bridgeport Brass Com- 
pany’s Housatonic Plant where reliable Speedomax 
H temperature control is helping them produce tube 
after tube of the same high quality. 

Quantity production of these tubes requires close 
control of all variables, particularly atmosphere 
and temperature. 

To minimize loss of the expensive “new” metals 
and to maintain chemical and physical characteris- 
tics, Bridgeport Brass Co. installed a HIVAC 
vacuum annealing furnace with a Westinghouse 
heating chamber over a year ago. With evacuation 
held to 0.01 micron, four Speedomax H instruments 
provide D.A.T. control . constantly regulate 
power input to hold product temperature well within 


specifications. Such dependable automatic control is 
resulting in production savings which make the use 
of these new metals more economical. 

You may not be vacuum annealing ... but no 
matter what your heat treat, it’ll pay you to investi- 
gate Speedomax H. Its workhorse characteristics 

. its two to four week delivery .. . and its mod- 
erate price now, more than ever before, make this 
null-balance controller an attractive investment. 

A phone call or letter to vour nearest L&N office 
or to 4927 Stenton Ave., Phila. 44, Pa. will bring 
more information. Ask for data sheets. 
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and new design of refractory arch for 
increased strength are included. The 
cooling capacity has been increased 
by the use of multiple-finned cooling 
tubes. 


For further information circle No. 956 
on literature request card, page 48-B. 


Cutting 

A new powder lance has been an- 
nounced by Linde Co. Accurate con- 
trol of intense heat is the key to its 
operation. Lengths of standard black 
iron pipe are fitted into its front end, 
which is connected to an oxygen sup- 
ply and a source of special metallic 
powder. The oxygen and metallic 
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powder are mixed in the pipe and 
carried to the material being pierced 
or cit by the consumable pipe. This 
mixture is ignited at the end of the 
iron pipe, producing an extremely 
high temperature reaction that melts 
both ferrous or nonferrous material 
in its path. 

For further information circle No. 957 
on literature request card, page 48-B. 







Metallurgical Microscope 
The Reichert remote-control metal- 

lurgical microscope has 

nounced by William J. 


been an- 
Hacker & 


1958 


Co. Compact design and relatively 
small size, reduce over-all dimensions, 
weight and cost of lead shielding. The 
specific design of the phase contrast, 
microhardness testing and darkfield 
equipment, enable these techniques to 
be applied in quick succession without 
either removing the specimen or 
altering the set-up of the instrument. 


For further information circle No. 958 
on literature request card, page 48-B. 


Grain Refiner 

The Conversic 1 Chemical Corp. has 
announced a new leveling and grain 
refining agent for cadmium plating 
solutions producing semi-bright de- 
posits. This agent has been designed 
to modify the grain structure of cad- 
mium plate for uniform results with 
chromate conversion coatings. It im- 
proves the throwing power of the bath 
and reduces burning. 
For further information circle No. 959 
on literature request card, page 48-B. 


Pump 

Nordson Corp. has announced a 
new pumping unit for use in their 
spray coating systems. It features 
overlapping piston action, automatic 
speed control, self-cleaning piston 


rods, throw-away packing glands, 





chromium plated air cylinders and 
complete accessibility of all expend- 
able parts with a minimum of dis- 
assembly. Designed to operate at 
pressures up to 1500 psi. and at tem- 
peratures up to 500° F., this new 
pump can be used for applying all 
types of coating materials including 
plastisols and hot melt resinous ma- 
terials. It delivers material at the 
rate of 1% gal. per min. permitting 
multiple spray gun hookup. 


For further information circle No. 960 
on literature request card, page 48-B. 


Zinc Brighteners 

Allied Research Products has an- 
nounced two new brighteners for 
cyanide zine plating solutions—ARP 
32, a powdered addition agent which 
provides brightness over the entire 
normal plating range found in still 
and automatic tanks, and ARP 53, a 
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Thermocouple Assemblies 


With T-E’s thermocouple assemblies you get: (1) choice of an extremely wide 
variety; (2) carefully pre-tested quality; (3) simplified ordering — one code 
number for a complete thermocouple assembly. 


Thermocouples — Wire type from 20 to 6 gage. Ruggedly constructed, 
sensitive in performance. Availabie with fiberglass or various types of ceramic 
bead insulation. Calibrated in iron-Constantan, Copper-Constantan or Chromel- 


Connection Heads — Choice of various connection heads —heavy duty, 
lightweight, weatherproof, etc. Available with nipples and unions in a variety 


Thermowells — Bar stock or built-up, straight or tapered, with threaded, 
flanged or ground-joint mountings. Available in ali commercial materials for 


Write For Thermocouple Catalog Section H. 


Thermo Electric G.inc 


SADDLE BROOK, NEW JERSEY 
in Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 
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Circling the earth, the “Explorer” orbits at 18,000 miles per hour from sunlight to darkness, at 


altitudes varying from 200 to 1600 miles. Inset shows white stripes of Norton ROKIDE “‘A”’ 


to help assure thermal safety. 


applied 


Hotter than Fire ...Colder than Ice 


ROKIDE™ coating protects 
the ‘Explorer’ through tem- 
peratures from 600 F to 150° 
below zero. 


Completing its orbit every 118 
minutes, the “Explorer” speeds be- 
tween blazing daylight and black 
night every hour, through tempera- 
tures ranging from 600°F to 150°F 
below zero. 

The resultant thermal risks, es- 
pecially to instruments, are enormous. 
But by striping the satellite’s nose 
cone and instrument section with 
ROKIDE ‘‘A” aluminum oxide spray 


coating, Jet Propulsion Laboratory 
scientists were able to maintain a 
safe internal temperature range. 

ROKIDE “‘A”’, “ZS” and “Z” coat- 
ings are hard, crystalline refractory 
oxides. These Norton developments 
have high resistance to excessive 
heat, abrasion and corrosion that has 
proved valuable not only in reaction 
motors and AEC projects, but to 
general industry in ap- 
plications involving electrical insula- 
tion, electronics, bearing surfaces, 
erosion resistance, chemical barriers, 
material upgrading, surface catalyst 
activity and altering emissivity and 
characteristics of surfaces. 

Facilities for applying ROKIDE coat- 


ings are maintained at NORTON 
COMPANY, Worcester, Mass., and at 
its plant 2555 Lafayette Street, Santa 
Clara, Cal. For the latest ROKIDE 
Bulletin write to NORTON COMPANY, 
324 New Bond St., Worcester 6, Mass. 


NORTON 


NEW PRODUCTS 


Giaking better products... 
fo make your products better 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


NORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines + Retractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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liquid addition agent for barrel plat- and burnishing cylinders are set on 


ing. ARP 53 has a wide current the drive shaft without fastening. 
density range. It is stable and may Plating cylinders are of plexiglas and ways etter 


be added to conventional cyanide are available in two sizes with inside 
plating solutions already containing diameters of 5 in. deep, 4 in. diam. 
other brighteners. at small end and 5% in. diam. at the 
For further information circle No. 961 large end; and 4 in. deep, 3% in. 
on literature request card, page 48-B. diam. at the small end, 4 in. diam. at 
the large end. The burnishing cylin- 
Finishing Barrel der is made of plexiglas with screw- 
A new laboratory unit for finishing on cover. Inside dimensions are 5 in. 
of samples and small lots of all kinds long and 4 in. in diameter. Motor is 
has been announced by Belke Manu- 115 v., 60 cycle, single phase. 
facturing Co. The hinge-mounted For further information circle No. 962 


on literature request card, page 48-B. 


Vacuum Pumping 
A new high-vacuum pumping sys- 
tem capable of reaching pressures as 


such laboratory equipment as vacuum 
tanks, bell jars, vacuum furnaces and 
experimental vacuum tubes. It can 
be rolled on its casters from one loca- 
tion to another as required. Its high- 
vacuum pumping system consists of a 
high-speed, fractionating oil diffusion 


low as 5 x 10° mm. Hg has bee H k GARDRAY 
ected gh Ss, Cimon "Equip- Pic - er 

Div. of the New York Air Brake 
i: is te eed tn he ss so radiation hadges 


1 wide intensity range 
Records exposures low as 5O mr, 
high as 300,000 mr. 

2 


drive tilts back for plating with the pump with a cold trap and a two- wide By rang 
. ‘ . << ; : Gamma, beta, x-rays (soft and 

cylinder in oblique positions, and ad- stage, gas-ballasted mechanical vacu- hard) single or mixed exposures. 

justs for burnishing with the cylinder um pump. Connected to the vacuum 

in the horizontal position. Plating pumping system is a manifold-valve 3 








TH KING PORTABLE BRINELL.. 


most versatile Hardness Tester ever made! 

















King Test Head King Test Head in 1344” 


THE KING TEST HEAD CAN BE USED 
King Test Heod IN MANY INEXPENSIVE STANDARD ADAPTERS Cites 


in 30” b 
7 = @ To test any size, shape or thickness of metal. 


e@ Make guaranteed accurate on-the-spot tests—anywhere! 
@ Gap 10”—13'4"—30". Throat 4”—6"—9” easily carried. 
@ Loads from 62% Kg. to full 3000 Kg. 5mm or 10mm. Ball. 
@ Will make tests in places no other tester can reach! ' 


Save time and money on all Brinell tests with 


KING PORTABLE BRINELL TESTERS 


Known the world over for accuracy and dependability Dept. MP-558 


Representatives throughout the world 
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T compact, lightweight 


with Chain Adapter bose with King Brinell Scope See size above: less than 1 oz. 


double-sure identification 


1 code printed on wrapper 
2 x-rayed on film 


no loading or unloading 
Wear badge as received, return 
it intact 


prompt reporting 


Dependable, easy-to-read, too 


Te subscribe, call any Picker X-Ray lecal 


Ph : WAI 5-2481, “s 
TESTER CORPORATION \yarc®, SY \'rs" 
Picker X-Ray Corporation, 25 Se. Broadway, 


White Plains, W. Y. 
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MESTA 48” Four-High, Five-Stand Tandem Cold Mill 
Rolling Strip Steel for Tin Plate in Coils 


Designers and Builders of Complete Steel Plants 


MESTA MACHINE COMPANY 


PITTSBURGH, PENNSYLVANIA 











arrangement with an intake fitting 
that can be rotated and indexed 
through 90 deg. from horizontal to 
vertical to permit connection with 
various types of vacuum chambers. 
For further information circle No. 963 
on literature request card, page 48-B. 


Resistance Alloys 

A new iron-chromium-aluminum 
electrical resistance alloy has been 
announced by Hoskins Mfg. Co. Alloy 
875 was developed for use as heating 
elements in industrial furnaces, kilns 
and other types of heating equip- 
ment where maximum continuous 
operating temperatures up to 2350‘ 


F. are required. The new alloy resists 
oxidation at high temperatures, h+s 
electrical resistivity of 875 ohms pe1 
circular mil foot at 68° F. and a 
specific gravity of 7.10. 

For further information circle No. 964 
on literature request card, page 48-B. 


Metals Comparator 

Sunshine Scientific Instrument has 
announced a nondestructive metals 
comparator for use with both ferrous 
and nonferrous metals. It can be 
used to test for composition, heat 
treatment, hardness, case depth, plat- 
ing thickness, and other properties. 
The unit is basically an impedance 


comparator, and will indicate changes 
in chemical and physical properties 
of a metal as these are correlated 
with the electrical and magnetic prop- 
erties. Small duplicate parts, or pieces 
with equal cross-sectional areas, are 


usually tested by insertion in a test 
coil. A test head, placed against the 
metal being measured, is used on su! 
faces of large equipment, or parts too 
big to be inserted in a test coil. 

For further information circle No. 965 
on literature request card, page 48-B. 


Thermocouples 

The American Instrument Co. has 
announced a new thermocouple for 
use in pressure systems to 80,000 psi 
and temperatures to 1000° F. Each 
high- 
pressure compression fitting and can 
be installed by tightening a gland nut 
in the same manner as when making 
a superpressure connection. 


thermocoup'e is built into a 


Assem- 
blies consist of an iron-constantan or 
chromel-alumel couple welded at the 
tip. The plug and sheath of the ther- 
mocouple tip are made of Type 347 
stainless steel. 

For further information circle No. 966 
on literature request card, page 48-B. 


Hardness Tester 

Opto-Metric Tools, Inc., has an- 
nounced a machine for Rockwell hard- 
ness testing of long, heavy or bulky 
work such as shafts, spindles, forg 
ings, castings, dies, without resorting 
to portable testers. To support such 
work an extra large table 40 by 10 in. 











YOU DON'T HAVE TO BE BIG 

or SPEND A LOT OF MONEY to 

GET THE ADVANTAGES OF iy 
GRAFO—JUST SMART 

( 


The Prggeet Ounce 


OF PROTECTION 


oni 


GRAFO COLLOIDS CORP. 

















pplications 


REGULAR 
SUPERFICIAL) 


AND 


Tester 


Hundreds of installations 
over the past few years 
have proved the economy of 
the only hardness tester 
which combines all scales 
of Rockwell Test (15 to 

150 kg. loads). 

The Kentrall cuts costs 
because it does the job of 
two conventional testers, 
requires only half the space 
and maintenance. Write for 
more detailed information, 
plus a list of prominent 


Ask for this booklet, it has specifications and 
helpful suggestions on colloidal graphite dis- 
persions. For high heat and excessive pressures 


users who have switched 
to Kentrall. re1ee 


on Press Forging and Extrusion operations use a Grafo water 
product. For Hommer Forging, Oven Conveyors and General 
Industrial Applications use a Grafo oil product. Write us for rec- 
ommendations of the proper dispersions for your operations 
BE SMART —extend the life of your dies and equipment and 
CUT COSTS with GRAFO DISPERSIONS. 


KENTRALL 


THE TORSION BALANCE 
COMPANY 
Main Office and Factory: 
Clifton, New Jersey 
Sales Offices: 


Chicago, San Francisco 








GRAFO COLLOIDS CORPORATION 
279 Wilkes Place, Sharon, Pennsylvania 


KENTRALL MODEL CT-2 
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ONE OIL, MANY METALS. Moderately priced Sunicut 5534 gave uniformly ex- 
cellent results in the machining of this wide variety of top-quality steel parts. 


Designed especially for job shops... 


NEW SUNICUT 5534 CAN BE 


SUNICUT® 5534 ends. your search for a 
single cutting oil that can assure quality 
machining of a wide variety of ferrous 
metals...ranging from B1112 to 4130 and 
including free-machining stainless steels. 

A non-emulsifying, transparent cutting 
oil, Sunicut 5534 can speed production of 
general screw machine and turret lathe 
work. It gives excellent finish in tapping, 
drilling, threading, and light stamping op- 
erations and can be used on many special 
jobs run at both high and low speeds. 

Try moderately-priced Sunicut 5534. It 
can save you money by reducing your cut- 


USED 
ON A WIDE VARIETY OF STEELS 


ting oil inventories and oil change time. It 
can boost your production and profits. 

For detailed information, prices and de- 
livery data about this new, versatile cutting 
oil, call your Sun representative today. Or 
write directly to SUN OIL COMPANY, Phila- 
delphia 3, Pa., Dept. MP-5. 


<. [> 





INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY philadelphia 3, Pa. 


SUN OIL COMPANY 


IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
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level. The instrument prints on a Induction Heating 
12% in. strip chart, and is available 


with either a 5 or 15-sec. time-impulse 
telemetering system. 


Robotron Corp. has announced a 
full line of induction heating units. 


The equipment is available in three 
For further information circle No. 968 
on literature request card, page 48-B. 


Heating Elements 

Thermoshell electric heating ele- 
ments have been announced by 
Cooley Electrical Mfg. Corp. Resistor 
wires are spaced in the element and 
heat it uniformly. The inside area 
of the element is placed in close con- 
tact with the surface of the pipe or 


is provided which is raised against the 

indenter by two vertical lead screws : frequency ranges: low frequency, 
through a handwheel drive. The table ‘ 7% to 1750 kw., 1 to 10 ke., motor 
will handle loads up to 550 Ib. and generator powered; medium fre- 
accommodate work up to 27 in. below quency, 3 to 50 kw., 450 kc., elec- 


the indenter. tronic generator equipped; and high 
frequency, % to 20 kw., 27.1 mega- 
cycles, electronic generator equipped. 
Units may be used for heat treating, 
Recorder valve to be heated. A recent applica- hardening, billet preheating, ingot 
A multiple-printing strip-chart te- tion involved the heating of a sodium breakdown and ——- apornene 
lemeter receiver has just been an- valve on a line carrying high-tempera- including brazing and soldering. 
nounced by the Bristol Co. It will ture sodium. In this case a special For further information circle No. 970 
print up to 16 separate records from ceramic shell was designed and on literature request card, page 48-8. 
as many transmission centers. The molded to withstand high tempera- . , 
variables need not be all of one kind, tures. This thermoshell is pictured. Electric Furnace 
but could be a combination, such as The Pereny Equipment Co. has an- 


For further information circle No. 969 : Asta 1 00° F 
pressure, flow, temperature and liquid on literature request card, page 48-B. nounced a new vertical, 5000° F. 


the meter with the from paper to steel - 
built-in Valve...) aDillon 
UNIVERSAL TESTER | 


will test them all! 


Whether you are working with metal, 
plastics, wire, rubber, springs, etc., an 
inexpensive DILLON Tester will make 
hundreds of accurate checks daily in 


For further information circle No. 967 
on literature request card, page 48-B. 


elec- 





With the Waukee FLO-METER’S built-in 
Valve, you adjust the gas flow in full view of 
the scale. You can see what you're doing! 


The Control Valve is an integral part of the 
FLO-METER, designed for panel mounting 
and simple piping. No extra valve piping or 
installation. Saves time and money. 


It’s a Waukee-designed and built valve — 
sturdy, simple, smooth. Needle-valve principle 
for accuracy, sensitivity, and easy cleaning. 


And you can still clean the FLO-METER in 
5 minutes or less! 


Complete information in Bulletin 203. Write 
for it. Waukee Engineering Company, 5140 
North 35th Street, Milwaukee 9, Wisconsin. 





For ing: air — ia — di iated ammonia 
— argon — butane — city gas — endothermic cracked 
— exothermic cracked — forming gas — helium — hy- 
drogen — natural gas — nitrogen — oxygen — propane. 
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your shop. Universal! Operates in ten- 
sile, compression, transverse or shear. 
Handles round, flat or special shapes. 
Two different machines — Model M for 
low strength materials between 0 and 
300 Ibs., and Model L for materials up 
to 125,000 Ibs. PSI tensile. Hand : 
wheel operated or motorized. Wide 
range of gripping fixtures. 

Model L at right shown 

on stand. 7 inter- 
MODEL changeable gauges 

m provide wide range. 

All equipped with max. 

indicator. Model M ot 

left is pendulum type. 

Has 5 scales. Meets 

ASTM & Fed. specs. 

Write TODAY 

for brochures and 

LOW price schedule. 





WC TF | & CO., INC 


1457 4F Keswick St., Van Nuys 14, California 








“We've practically eliminated off-grade heats 
with MANTEMP ferromanganese ” 


An almost foolproof way to hit open-hearth manganese =. further 
: ° . . . eae ation, 
specifications consistently is with ladle additions of MANTEMP tine fae this 


ferromanganese. Mill superintendents have reported that the pha age 
: : ° P 4 ANTEMP 
alloy yields high recoveries and allows substantial reductions ferromanganese 


in overall ingot costs, bulletin. 


Fine grain size specifications can also be met easily because 
MANTEMP ferromanganese does not preferentially oxidize 


separately added aluminum. The alloy is available in both high- Flectro ef 
and medium-carbon grades, packed in cans containing exactly mm 
40 pounds of manganese. FERRO-ALLOYS AND METALS 


ELECTRO METALLURGICAL COMPANY, Division of Union Carbide Si ite) ..| 
Corporation, 30 East 42nd Street, New York 17, N.Y. ro¥-¥-1-110) 3 


The terms ““Mantemp,” ‘Electromet,”’ and “‘Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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Sharon metallurgists. fas for the past decade 
concentrated on the development of better 
saw steels. As a ~esult, they have established 
an industry-wide reputation for steels with 

a balance of toughness and hardness to absorb 
maximum punishment without fracturing 

or dulling. . 


It will pay you to contact your Sharon 
salesman and get the facts on these dutable, 
edge-holding steels for saws or any 
cutting tool or implement. © 

ee ~~ 


SHARON STEEL CORP. 


me 
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Marchant calculators are famous for their 
accurate, dependable performance in offices 
throughout the business world. Marchant 


builds soundly and solidly to critical stand- LOW TEMPERATURE SILVER BRAZING ALLOY 
ards that assure trouble-free service for 
years on end. 


Several of the component assemblies used (" Q R CH Q NT 
in Marchant calculators are illustrated here. 
They are strongly, securely brazed with Sil- 
valoy. The joints are as strong as the metals CALCULATORS, INC. 
joined. Marchant uses Silvaloy 45 and Deoxo Another famous name on the 


: a ae | il . 
Flux for many of their applications. is he Saeecae aanes " 


. ° American manufacturer of cal- 
Silvaloy Brazing Alloys and APW Fluxes culefing machines, Marchoat’s 
are helping to speed production, lower costs Deci.Magic, Figuremaster and These two complete reference 


. A . models are in use throughout ver brazing and fluxing are avail- 
Call your nearest Silvaloy Distributor for in- the United States and the able upon request. Send for either 


formation or technical assistance. x . world over. one or both. x * + 7 


THE SILVALOY DISTRIBUTORS 


A.B.C. METALS CORPORATION EDGCOMB STEEL COMPANY OLIVER H. VAN HORN CO., INC. STEEL SALES CORPORATION 
DENVER, COLORADO PHILADELPHIA, PA. - CHARLOTTE, N.C. NEW ORLEANS, LOUISIANA CHICAGO, ILL. » MINNEAPOLIS, MINN. 
BALTIMORE, MD. + YORK, PA. FORT WORTH, TEXAS HOUSTON, TEXAS INDIANAPOLIS, IND. - KANSAS 
BURDETT OXYGEN COMPANY GREENSBORO, N.C. GREENSVILLE, S.C. CITY, MO. + GRAND RAPIDS, MICH. 
CLEVELAND + CINCINNATI DETROIT, MICH. « ST. LOUIS, MO. 
OMPANY LTD. , . 
COLUMBUS + AKRON + DAYTON EDGCOMS STEEL OF NEW ENGLAND, inc, PACIFIC METALS © AWA, WS. 
YOUNGSTOWN + MANSFIELD + FINDLAY MILFORD, CONNECTICUT SAN FRANCISCO, CALIFORNIA 
NASHUA, NEW HAMPSHIRE SALT LAKE CITY, UTAH 
EAGLE METALS COMPANY LOS ANGELES, CALIFORNIA LICENSED CANADIAN MANUFACTURER 
SEATTLE, WASH. + PORTLAND, ORE. NOTTINGHAM STEEL & ALUMINUM CO. SAN DIEGO, CALIFORNIA BAKER PLATINUM OF CANADA, LTD. 
SPOKANE, WASH. CLEVELAND, OHIO PHOENIX, ARIZ. TORONTO + MONTREAL 








SILVER 
AMERICAN PLATINUM & SILVER DIVISION BEALE LL’ 


AM FLUXES 
231 NEW JERSEY RAILROAD AVE. - NEWARK 5, N-J. 
NEW YORK ¢ PROVIDENCE * CHICAGO + SAN FRANCISCO * LOS ANGELES 
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Monroe Shock Absorbers 
rely on 
Precision Performance of 


YODER TUBE MILLS 


a { 
- 


After 15 years of continuous operation 
the Yoder Type-M Electric-Resistance 
Weld Tube Mill shown here, is still pro- 
ducing precision tubing for the Monroe 
Auto Equipment Co., Monroe, Michigan. 
Yoder produced tubing is the basic com- 
ponent of the famous “Monro- Matic” 
shock absorber. Measuring 2 444" outside 
diameter (plus several other sizes) the 
tubing is made from 22 gauge strip in 
one continuous operation . . . it is auto- 
matically cold-roll formed, welded and 
cut to pre-determined lengths. 

This typical installation of a Yoder tube 
mill exemplifies the accuracy, depend- 
ability and production economies of 
Yoder-made tubing. If your business 
requires pipe or tubing, ferrous or non- 
ferrous, in sizes from 4" to 26" diameters, 
there is a Yoder mill designed to produce 


it economically, efficiently and accurately. 


THE YODER COMPANY 
5595 Walworth Ave. « Cleveland 2, Ohio 


Check into the nz.amy cost- 
saving advantages of 
operating a Yoder pipe 
or tube mill .. . write 
for the fully-ilius- 
trated 88-page Yoder 
Tube Mill Book .. . 

it is yours for the 
asking. 


PIPE AND 


CVODER } TUBE MILLS 
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tric furnace. The work load is raised 
or lowered hydraulically and the rate 
of movement can be controlled. The 
case is of all-welded steel, with a re- 


movable top. Electrodes and trans- 


former are water cooled. Carbon 
resistor tube is positioned by graphite 
electrode blocks laid in refractory 
insulating brick within the transite 
liner. Tubes 2, 3 or 4 in. id. and 
12 in. long have maximum connected 
loads of 30, 50 and 75 kw., respec- 
tively. Overall size of vertical model 
is 35 by 45 by 86 in. 

For further information circle No. 971 
on literature request card, page 48-B. 


Lubricant 

A lubricant and rust preventive 
that prevents metal-to-metal contact, 
eliminates or reduces stickers and 
toxic fumes and stays on the metal 
has been announced by Harry Miller 
Corp. for use in die casting, forging, 
drawing, and stamping. It remains 
on surfaces at temperatures up to 
3000° F. and may be removed by 
using plain water, alkali solutions or 
solvents. 


For further information circle No. 972 
on literature request card, page 48-B. 


Atmosphere Furnaces 

A new line of gas-fired hydrogen 
atmosphere furnaces, with heating 
chambers up to 14 by 48 by 10 in., 
has been announced by Eclipse Fuel 
Engineering Co. These furnaces with 
full Inconel muffles are built for maxi- 
mum operating temperatures of 2100° 
F. Other types of muffies are avail- 
able for temperatures to 2300° F. 
In the unit illustrated, work is 
pushed through the system manually; 
however, power pushers are available. 
Purge chambers at the entrance and 
exit of the system have flame-cur- 
tained doors. 


For further information circle No. 973 
on literature request card, page 48-B. 





LOMA 


125 ton Hydraulic Stretch- 
Straightening and Detwisting 
Machine for extruded shapes, 
bars, tubes, strip and plates 


need special metal 
processing machinery? 


Whether it’s continuous casting 
of uranium alloys in vacuum, saw 
ing of “hot’’ materials with re 
mote control, rolling of plutonium 
shapes in glovebox enclosures or 
stretcher-straightening of tubular 
fuel elements, chances are you'll 
find the answer to your nuclear 
and metallurgical processing 
problems at LOMA. Our experi 
enced engineering organization 
and manufacturing plant special 
izes in the construction of 
custom-built metal processing 
equipment. Our machinery can 
be made for manual or automatic 
operation, with direct or remote 
control, in single units or inte 
grated facilities, for laboratory or 
high production application. 

Our standard line of 

equipment includes: 


Casting Machines and Molds 
Saws and Cut-off Machinery 
Hot and Cold Roiling Mills 

Rod and Tube Draw Benches 
Roller and Stretcher Levellers 
Air and Hydraulic Tube Testers 


For detailed information, write 


LOMA 


MACHINE “1g CO., INC. 
114 East 32nd Street 


ew York 16.N. Y¥ 

















AUTOMATION PAYS OFF IN THE SOLUTION HEAT TREATMENT 
OF INTRICATE, CLOSE-TOLERANCE AIRCRAFT PARTS! 





C. |. Hayes electric fired equipment maintains Prex Corp’s high quality standards at high production rates 
.-. provides the three essentials for solution heat treatment of aluminum (U.S.A.F. Specs.): 


@ optimum temperature control 
@ complete freedom from products of combustion 
@ high speed, automated transfer from heat to quench 


Prex Corp., of Franklin Park, Illinois, pioneers in the 
production of No Draft Precision PRess EXtruded Forg- 
ings of aluminum alloy aircraft parts, uses this Type 
LA-406 Hayes Electric Furnace to solution heat-treat 
intricate, close-tolerance forgings. 

Their process requires that large aluminum forgings be 
solution heat-treated at closely held temperatures be- 
tween 750° to 950° F. The C. I. Hayes electric fired fur- 
nace holds temperature well within the + 10° F allowable 
variation . . . and totally avoids products of combustion 
which might cause high temperature oxidation. 


Parts are loaded in steel mesh baskets (approximately 
80 Ibs. per basket) and advance through the automatic, 
roller hearth furnace in 15-minute cycle stages. At the 
final stage, loaded basket moves quickly into an agitated, 
heated water quench. The automated transfer from heat 


©. i. HAYES, inc. 


Established 1905 
802 WELLINGTON AVE. ° 


36 


CRANSTON 10, R. I. 


to quench is well within the 10 second requirement — 
ensuring highest quality of. treated forgings. After 
quenching, the platform rises, and the treated parts are 
discharged to an integral conveyor. Once the “start” 
button has been pushed, electric timers control the entire 
operation from start to finish. 


Investigate the many advantages of “push-button” heat 
treating today! You can reduce labor costs and spoilage 
... Speed up production... and be assured of “RESULTS 
GUARANTEED”! Write today! 


FREE LITERATURE 


Please send complete dato. | am mostly concerned with the 
following heat treating procedures. 


| 

I 

| 

| 

| C) High Speed Hardening [] Stainless Steel Heat Treating 

! (J Tool Steel Hardening [) Sintering 

! [) Carbo-Nitriding (] Copper Brazing and Soldering 
| [] Tempering ( Lead Pot Hardening and Tempering 
| [) Vacuum Heat Treating [] Atmosphere Equipment 

0 

| LJ 

I 
! 
| 
| 
| 
! 





() Bright Heat Treating Other 

Name Title 
Company 

Street 


City vietiaanidetgipeadiasii State 
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975. Abrasive Cleaning 

Folder on Malleabrasive for airless 
blast cleaning equipment gives advan- 
tages, grades, equipment it can be used 
with and parts that can be cleaned. Globe 
Steel Abrasives 


976. Abrasive Cleaning 

Catal 57-WX on brush types, sizes, 
speeds, filaments. Aids to power brush 
selection. Pittsburgh Plate Glass 


977. Adhesives 

New Technical Bulletin RTB-10A-1 on 
structural adhesives. Characteristics, 
properties. H. B. Fuller Co. 


978. Alloy Castings 
8-page bulletin on alloy castings for 
heat treating. Ohio Steel Foundry 


979. Alloy Steel 

208-page book gives more than 50 com- 
plete case histcries of alloy steel usage. 
Climax Molybdenum Div. 


980. Alloys 

New 8-page pocket-size Booklet No. J4 
on low-melting temperature alloys. 63 ap- 
plications in the metal field. Descriptions 
and physical properties. Cerro de Pasco 


981. Aluminum Bronze 

8-page booklet on study that led to 
development of one-piece, nickel-alumi- 
num bronze ship propeller. International 
Nickel Co. 


982. Aluminum Extrusions 
Catalog of stock extrusion dies. Jarl 
Extrusions 


983. Aluminum Finish 

New Bulletin 1424-A on protective and 
prepaint coating chemicals for aluminum. 
Describes different types of Alodine. 
American Chemical Paint 


984. Aluminum Finishing 

Bulletin F9881 on process for applying 
conversion coating to aluminum and zinc 
Oakite 


985. Aumcapheee Control 

New 8-page Bulletin SC-178 on fur- 
naces, atmosphere equipment, controls 
for bright annealing, hardening and tem- 
pering, batch annealing, age hardening 
and carburizing. Barlecs Combustion 


986. Atmosphere Furnace 
Bulletin on controlled atmosphere fur- 
nace. Industrial Heating Equipment 


987. Belting 

New 6-page Bulletin MF-600 on hinged 
steel belting. 6 inches to 6 feet in width, 
any length or capacity required. May- 
Fran Engineering 


988. Beryllium 


New 24-page booklet on beryllium. 
Graphs and charts with up-to-date facts 
on properties. Brush Beryll 


989. Blast Cleaning 

Bulletin No. 703 gives complete specifi- 
cations and dimensions of Blastmaster 
barrels from 1.5 cu. ft. to 27 cu. ft. Auto- 
matic operation. Pangborn 


ium 
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new 
literature 


990. Brazing 

16-page pocket-sized guide to selective 
flUuxing for low-temperature silver braz- 
ing. American Platinum 


991. Brazing 

16-page reprint on furnace brazing gives 
advantages of method, design factors and 
methods of handling assemblies and fur- 
naces for brazing. Electric Furnace 


992. Brazing 
New Bulletin 17 on low-temperature 
silver alloy brazing. Handy & Harman 


993. Bronze 

Folder gives tables of properties, uses, 
forms and other data on phosphor 
bronzes. Chase Brass 


994. Bronze Bearings 
12-page bulletin on Promet bronze 
bushings, bearings, bar stock and babbitt 
metal. Technical data. Case histories 
American Crucible Products 


995. Buffing and Polishing 

24-page catalog on cutting, coloring and 
double duty compounds for 12 meta's, 
plastics and rubber. Hanson-Van Winkle- 
Munning 


996. Carhbides 

New 24-page booklet on production of 
tungsten carbide products by both the hot 
and cold press method. Metal Carbides 


997. Carbon Brick 

Bulletin on properties, grades, applica- 
tions of carbon and graphite brick for 
handling corrosive chemicals and molten 
metals. National Carbon 


998. Carbon & Dew-Point 
Control 
New Bulletin DC-58 on Carbotronik and 
Dewtronik for control of carbon potential! 
and dew point in atmospheres. I[psen 


999. Carbonitriding 

Literature on Ni-Carb (carbonitriding) 
treatment for surface hardening. Ameri- 
can Gas Furnace 


1000. Castings 
Bulletin 3150-G on castings for heat 
corrosion, abrasion resistance. Duraloy 


1001. Centrifugal Castings 

8-page brochure gives properties of 
most common grades of thermalloy cen- 
ping od cast tube. Weight tables. Elec- 
tro-Alloys Div. 


1002. Chemicals 
_ 22-page bulletin on industrial chemicals 
lists those available and illustrates their 


- - a ete and testing. Harshaw Scien- 
tific 


1003. Chromate Finishing 
File on chromate conversion coatings 
for prevention of corrosion and paint- 
base treatment of nonferrous metals. 
Allied Research Products 


1004. Chromium Plating 
Bulletin CFC-1 on advantages of crack- 


free chromium plating process. Metal & 
Thermit 


1005. Chromizing Process 

8-page bulletin on corrosion resistance 
of deoumialiined iron and stezl. Chromal- 
loy 


1006. Cleaners 

4-page bulletin No. E-1 on five cleaners 
for power washers, soak tanks, e!ectro- 
lytic cleaning, emulsion cleaning. Park 
Chemical 


1007. Cleaning Aluminum 

12-page bulletin on cleaning process for 
preparing aluminum and magnesium for 
welding. Northwest Chemical 


1008. Coated Metals 

New bulletin on roll coating shows how 
it is done and includes samples. Roll 
Coater, Inc. 


1009. Cold Rolled Steels 

New 48-page Handbook MS-158 on 
roller die, cold forming metal shapes 
Material selection, specifications. Van 
Huffel Tube Corp. 


1010. Compressors 

12-page data book 197-D gives engineer- 
ing information on characteristics of tur- 
bo-compressors. 18 types of application 
described. Spencer Turbine 


1011. Controller 

New 6-page Bulletin No. 3885 on Pyro 
troller, an indicating-controlling pyrom- 
eter. Design, specification, applications 
Illinois Testing Lab. 


1012. Controls 

New Bulletin AC-3 on eleven electro- 
mechanical controls for industrial appli- 
cations. Tipptronic, Inc 


1013. Copper Alloys 

36-page catalog on phosphor bronzes, 
nickel silvers, beryllium copper, cupro- 
nickel. Chemical and physical data. En 
gineering tables. Riverside-Alloy Metal 


1014. Copper Foil 

New 8-page Publication D-8 on copper 
foil, Ba a in three grades, many 
thicknesses. Applications. American Brass 


1015. Creep Tester 

Bulletin on new creep rupture teste: 
designed for laboratory testing of smal! 
specimens. Arcweld Mfg 


1016. Degreasers 

Folder on vapor and solvent degreasers 
describes equipment and advantages 
Randall Mfg. 


1017. Degreasing 

40-page book on trichlorethylene gives 
specifications, properties, uses, handling 
and storage, toxicity and safety measures 
Hooker Electrochemical Co. 


1018. Desealing Process 

8-page bulletin on sodium hydride de- 
scaling process for ferrous and nonferrous 
metals. DuPont 


1019. Drawing Dies 

12-page bulletin on turks head, adjust 
able draw die. Basic types, development 
of turks head, various types. Fenn Mfg 


1020. Ductile Iron 

New 12-page Bulletin MPC provides 
data on application of ductile iron for 
machine parts. Material specifications. 
Cooper-Bessemer 

1021. Electric Furnace 

Bulletin on box-type, pre-heat and 
hardening furnace with automatic at- 


mosphere contamination control. Pacific 
Scientific 


1022. Electric Furnaces 
Catalog on electric furnaces and 
ovens for hardening, tempering, anneal- 
ing, drawing, drying, baking, enameling 
Cooley Electric Mfg. 
1023. Electric Furnaces 
8-page Bulletin 570 on heat treating, 
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LY-SULFIDE, 
R SOLIDS 


COLLOIDAL GRAPHITE, MO 
VERMICULITE, AND OTHE 


Dies last three times longer 
with ‘Aquadag’, according to an- 
other prominent midwest extruder. 
Metal pickup on the extruding dies has 
been completely eliminated by the use 
of this Acheson dispersion, extending 
the effective use of the dies from 1000 
to 3000 strokes, The evaporation of its 
water-base leaves a dry, adherent “graph- 
oid” film on all lubricated surfaces, 
inhibiting the build-up of abrasive pre- 
cipitates. At the same time, the un- 
broken, microscopically-thin film that 
*‘Aquadag’ provides, facilitates metal 
flow and reduces scoring to a negligible 
minimum. Application of the lubricant 
is by spraying a dilution of 1 part 
‘Aquadag’ to 20 parts water, on the die 
surface before each “push” of the ex- 
trusion press. 

A ‘dag’ graphite coating is also applied 
to the follow blocks on this company’s 
1400 ton horizontal extrusion presses. 
For purposes of even greater economy, 
*‘Prodag’ — semi-colloidal graphite in 
water — is used in this application. This 
effective parting agent prevents the 


WHY ‘DAG’ DISPERSIONS MEAN 
PERFORMANCE IN ALUMINUM EXTRUDING 


The excellent lubricating properties of Acheson Colloidal Graphite, 
under conditions of extreme heat and pressure have been confirmed 
by leading extruders of aluminum, steel, copper, brass, lead and other 
metals, W ater-base dispersions of colloidal graphite used in the follow- 
ing application histories have provided savings in material handling, 
reduced maintenance time and expense, prevented seizure, extended 
die life, and produced extrusions of more uniformly high quality. 
Any one of these benefits should make profitable reading for you. 


For faster, more uniform application with less material consumptior 
Aluminum Extrusions, Inc. finds ‘Aquadag’ their best die lubr 


A littie ‘Aquadag’ goes a long way for Aluminum Extrusions, In 

Charlotte, Michigan. This company, one of the leading independent extruders in 
the country, has found that by applying ‘Aquadag’ on die surfaces they have 
effected a 30% savings in their material handling. Formerly, they had used an 
oil-graphite mixture which required a dilution ratio of 16 lbs. of graphite to a 55 
gallon drum of oil. It was too slowly applied by swab and too coarse to apply by 





Extended die life and extrusions with 
more perfect surface finish, are attrib- 
uted to the use of ‘Aquadag 


flash, back-extruded from the billet skin, 
from locking the butt to the follow 
block. An Acheson dispersion is very 
possibly the answer to your lubricating 
troubles. For additional information, 
write for your free copy of Br'letin 426. 


Address Dept. MP-48. 


ACHESON (Co/oids Company 


PORT HURON, MICHIGAN 
A division of Acheson Industries, Inc. 


Also Acheson Industries (Europe) Ltd. and affiliates, London, England 


Offices in: Boston ¢ Chi 
New York © Phi 
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spray with any degree of efficiency. 
With ‘Aquadag’, Aluminum Extrusions 
has a lubricant that is finer in particle 
size, permits wider coverage, and pro 
vides greater “sprayability”. These 
minute particles pass freely through the 
spray nozzle, eliminating the costly 
downtime formerly involved in cleaning 
clogged equipment. The tough, dry film 
‘Aquadag’ forms upon the evaporation 
of its water carrier, doesn’t smoke or 
react when applied to hot dies and 
metals. This improves working condi- 
tions as well as extends die life. Im- 
portant also to both die surfaces as well 
us the finished extrusion, is the fact that 
this durable, low-friction film allows 
easier, more uniform metal flow. 
Considered in relation to the over 12 
million pounds of aluminum extruded 
yearly at this plant . . . 85% of it in 
fabricated form ‘Aquadag’ has 
brought important production efficien- 
cies and material economy to Aluminum 
Extrusions, Inc. In many, similar in- 
stances where product quality and basic 
economy are demanded, Acheson col- 
loidal dispersions have gained ready 
acceptance. 

Exclusive Acheson processing tech- 
niques guarantee a consistently uniform 
top-quality product. If your problem is 
more effective lubrication under nor- 
mally adverse conditions of extreme tem- 
perature, pressures, or abrasion, call in 
your Acheson Service Engineer. 


METAL PROGRESS 





melting, metallurgical tube, research and 
sintering furnaces. Custom designs for 
special requirements. Pereny 


1024. Electrochemicals 

New 16-page booklet gives physical 
properties of 23 electrochemicals includ- 
ing silicon carbide, zirconium oxide and 
borides. Norton Co. 


1025. Extensometer 

8-page bulletin on extensometers for 
sheet metal and wire, compressometers, 
deflectometers and other accessories. 
Baldwin-Lima-Hamilton 


1026. Extrusions 

Bulletin on extruded seamless alloy and 
stainless steel tubing. Properties, shai 
Metals Processing Div., Curtiss-Wright 


1027. Electron Microscope 
24-page booklet on use of electron mi- 
croscope in science and industry. RCA 


1028. Finishing 
New bulletin describes final-finishing 
of new ——s dies. Cleaning and refin- 
ee u orging dies. Vapor Blast 
g. Co. 


1029. Finishing Systems 

New 8-page Catalog No. 600 on cleaning, 
painting and ing equipment. 17 iso- 
metric drawings. Schmieg Industries 


1030. Flow Meters 
Bulletin 203 on flow meter for gas used 
in heat treating. Waukee Eng’g. 


1031. Forgings 

Bulletin on forge steelmaking, open die 
forging, machining, heat treating and fin- 
ishing. National Forge 


1032. Forgings 

Folder on facilities for production of 
flat-die forged products. Electronic equip- 
ment used. Smith-Armstrong 


1033. Forgings 

12-page booklet on how forged weldless 
rings and flanges are made. Case histories. 
Standard Steel Works Div., B-L-H 


1034. Formed Piate 
Bulletin on stainless steel flan heads. 
246 available dies listed. G. O. Carlson 


1035. Formed Shapes 


26-page Catalog No. 1555 contains draw- 
ings and dimensions of more than 100 
shapes. Roll Formed Products Co. 


1036. Forming 

New 88-page book on equipment and 
process of cold roll-forming. Wide sheets, 
narrow trim, tubular shapes, curving, 
coiling, tooling needed. Yoder 


1037. Freezer 
Data on chest for use down to —95° F. 
for production use and testing. Revco 


1038. Freezers 


Data on industrial freezers for cold 
treatment of metals. Harris Refrigeration 


1039. Furnace 


New Bulletin No. 471 on combination 
hardening and tempering furnace. C. I. 
Hayes, Inc. 


1040. Furnace 

New bulletin on basic principles of 
electric furnace design. Cutaway models 
of 8 furnaces. Cost factors. Holcroft 


1041. Furnaces 

Bulletin No. HT-53 on high-tempera- 
ture furnaces for temperatures up to 
2000° F. Carl-Mayer 


1042. Furnaces 

16-page bulletin 135 on industrial fur- 
naces and atmosphere generators. Con- 
tinuous systems. Continental Industrial 
Engineers 
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1043. Furnaces 

6-page | bulletin on recirculating fur- 
naces. Solution heat treating of aluminum 
alloys, conveyorized ovens, batch-type 
and car-bottom furnaces. Despatch Oven 


1044. Furnaces 

Bulletin describes 18 electric furnaces 
for research and small-scale production, 
with operating temperatures to 3000° F 
Harper Electric 


1045. Furnaces 


Lists of surplus furnaces for sale. Joe 
Martin Co. 


1046. Furnaces 

32-page catalog of industrial equipment 
includes furnaces and furnace accessories, 
special valves, mechanical equipment, 
materials handling equipment. Salem- 
Brosius 


1047. Furnaces 

Folder describes complete set-up for 
heat treatment of small tools, including 
draw furnace, quench tank and high 
temperature furnace. Waltz Furnace 


1048. Furnaces 

Bulletin on radivection furnaces with 
radiant heat and forced convection. Ad- 
vantages. A. F. Holden 


1049. Gas Generator 

Bulletin 157 on endothermic generator. 
Operation, special features and specifica- 
tions given. Hevi Duty 


1050. Gas Welding 

36-page Catalog 160 on applications of 
oxyacetylene we ding and cutting torches 
and accessories. Modern Engineering 


1051. Graphite 

6-page revi bulletin No. 435 on col- 
loidal graphite for surface coatings and 
impregnation. Acheson Colloids 


1052. Graphite 

Folder on graphite crucibles, funnels, 
and special preformed electrodes. High- 
purity powder. United Carbon Products 


1053. Hard Surfacing 

New 20-page Booklet No. HS-127 on 
hard surfacing electrodes and _ wires. 
Classifications, properties, applications of 
each. McKay Co. 


1054. Hardening Tool Steels 
4-page bulletin on complete line of 

hydryzing furnaces. Di ms, specifica- 

tions a performance data on preheat 


and high speed furnaces. Lindberg En- 
gineering 


1055. Hardness Numbers 
Pocket-size table of Brinell hardness 
numbers. Steel City Testing Machines 


1056. Hardness Tester 

New Bulletin F-1689-3 on Impressor 
portable hardness tester for aluminum, 
aluminum alloys and soft metals. Barber- 
Colman Co. 


1057. Hardness Tester 
20-page book on_ hardness testing by 
Rockweil method. Clark Instrument 


1058. Hardness Tester 


Bulletin on how to test large gears with 
portable Brinell tester. King Tester 


1059. Hardness Tester 

4-page bulletin on portable metal hard- 
ness tester for any sha or metal. 
Ranges, features. Newage Industries 


1060. Hardness Tester 

Catalog 72-1 on Leitz miniload tester 
for Vickers and Knoop hardness tests. 
Opto-Metric Tools, Inc. 


1061. Hardness Tester 

Data on hardness testing scleroscope 
with equivalent Brinell and Rockwell C 
numbers. Shore Instrument 





OPED PLUS 
QUALITY! 





Pte 


Low-Hydrogen 
iron-Powder 
Electrodes 


Now even “difficult” steels can be 
weided right the first time—with PaH 
Iron-Powder Low-Hydrogen Elec- 
trodes. They permit faster welding in 
any position with little or no pre-heat. 


Welds are free from cracks and poros- 
ity — possess superior X-ray quality 
and strength. Ideal for welding heavy 
sections subject to severe shock and 
abuse. Send for Bulletin R-29. Write 
Dept. 03E,: Harnischfeger Corpora- 
tion, Milwaukee 46, Wisconsin. 


HARNISCHFEGER 





NEW...YET 
BILLION-PROVED... 


VALFORGINGS 


TO IMPROVE 
PARTS STRENGTH, 
CUT COSTS 


Here is a full-size cross-section 

of a VALFORGING...an extruded 

steel forging made by the Valve 
Division. See how the grain flow 

lines are continuous and sym- 

metrical with the outside contour 

This means added strength and 

higher impact resistance in any 
large-head, small-shaft part 
VALFORGINGS come to you precision- 
forged from any grade of steel you 
specify, and with practically the finished 
dimensions of the part. High-cost 
machining and scrap generation are 
greatly reduced. The flawless structure 
of a VALFORGING assures dependability 
of the finished part and eliminates 
manufacturing scrap losses resulting from 
the uncovering of internal defects. 


You can confidently switch to VALFORGINGS 

...more than one billion have already been 

produced by the Valve Division as engine valves 

for the cost-alert automotive industry 

To know all about VALFORGINGS, tell us when a sales 
engineer from the Valve Division may call on you 


alve D VISION Thompson Products, Inc. 


DEPT. MP-SS6 « 1455 EAST 185th STREET + CLEVELAND 10, OHIO © 1% 
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Insulators tor 
Thermocouples 


tha 


shock resistant 


ical strength ? 


rature re 


It's SERVRITE’ 


for any need 


One or more of these Serv-Rrre thermo- 
couple insulators will take care of your 
needs. If not, there are many more in 
Gordon’s large stock for quick delivery. 
If you need something entirely special, 
it can be made to suit your specific re- 
quirements 

In the 50 years that Gordon has been 
supplying thermocouples and accessories 
to industry, emphasis has been on uni- 
form top quality, service, and value. And 
so with insulators for any thermocouple 
application, Serv-Riv 
plus values every time 

Write for full information on Serv-Rire 
thermocouple insulators 


Ask for Bulletin 300-56 
This new 4-page bulletin gives specifications 
and ordering data on all Gordon standard 
SERV-RITE thermocouple insulators grouped 
for easy selection. 604 


assures vou ol 


CLAUD S. GORDON CO. 


613 West 30th St., Chicago 16, lil. 
2021 Hamilton Ave., Cleveland 14, Ohio 


MAY 1958 





1062. Hardness Tester 

4- e bulletin on tester for both super- 
ficial end regular hardness testing. Tor- 
sion Balance Co. 


1063. Hardness Testers 

New 20-page Catalog No. DH-326 on 
models, applications and how to use su- 
perficial hardness testers. Wilson Mechan- 
ical Instrument Div. 


1064. Hardness Testing 
Bulletin A-18 on Alpha Co. Brinell 
hardness testing machines. Gries Indus- 
tries 


1065. Heat-Resistant Alloys 

Catalog and stock list of sheets, plates 
and bars of heat-resistant alloys. Rolled 
Alloys, Inc. 


1066. Heat Treat Pots 

Catalog on pressed steel pots for lead, 
salt, cyanide, oil tempering and metal 
melting. Eclipse Industrial Combustion 
Div. 


1067. Heat Treating 

New 8-page bulletin on heat treating 
Data sheets on processes and processing 
equipment. Also covers annealing, braz- 
ing and hardening. Ferrotherm 


1068. Heat Treating 

Catalog of complete line of heat treat- 
ing furnaces and atmosphere generators, 
electric and fuel-fired. Sargeant & Wilbur 


1069. Heat Treating 
Bulletin describes baskets, crates, trays 
furnace parts for heat treating. Stanwood 


1070. Heat Treating 

Bulletin 14-T on ovens for heat treat- 
ment of aluminum and other low-temper- 
ature processing. Young Bros 


1071. Heat Treating 

4-page folder gives description of home 
study course on “Heat reatment of 
Steel” offered by the ASM Metals Engi- 
neering Institute. Metal Progress 


1072. Heat Treating Belts 
Catalog of conveyor belts and data for 
their design, application and selection 
Ashworth Bros. 


1073. Heat Treating Fixtures 

4-page folder on retorts, baskets, trays 
carburizing boxes, fans for heat treating 
Aluminum & Architectural Metals Co. 
1074. Heat Treating Fixtures 

32-page catalog G-10A lists process 
equipment, heavy welded fabrications 
muffies, trays, fixtures for furnaces, heat- 
treating equipment, pickling equipment 
Rolock 


1075. Heat Treating Furnaces 
Folder on industrial furnaces. Continu- 
ous designs. Insulation. Pacific Industrial 


1076. Heaters 
Bulletin on immersion heaters for elec- 
troplating solutions. Glo-Quartz 


1077. Heating Elements 

24-page booklet on elements for electric 
furnaces and kilns includes technical 
data, uses, physical and electrical specifi- 
cations. Norton 


1078. High-Strength Steel 

26-page booklet on properties, uses, ap- 
plications of high-tensile low-alloy steel 
Jones & Laughlin 


1079. High-Temperature 


Castings 
16-page manual on heat and corrosion 
resisting castings. Principles of alloy com- 
position, their properties and limitations, 
stabilizing influences and heat treatment 
Michigan Standard Alloy 


1080. Hydraulic Tables 
New 40-page Bulletin No. 3300 on 
presses and applications. 28 pages of tables 





TUBING 


.010" TO 1.000" O.D. 
PRECISION QUALITY 
REGULAR MILL PRICES 


Whatever the size, shape or alloy there's a 
Precision Tube to meet your requirements 
made to precision specifications yet costs only 
regular mill prices. Round, rectangular, oval 
or square, preformed to special shapes . . 
in copper, brass, aluminum, nickel, and nickel- 
alloys, Ni-Span “C", phosphor-bronze ond 
nickel silver. 

For improved quality at lower costs specify 
Precision Tubing. It is the tubing consistently 
unequalled and unsurpassed in comparative 
quality tests of accuracy, temper, straightness 
and roundness. lt is yours at no extra cost 

Whatever your product plans you con 
rely on Precision for finish, accuracy and 
quick deliveries. For information on small tub- 
ing and specifications to use in selecting tub- 
ing write for the new data book to Deport- 
ment #6, Precision Tube Company, North 
Wales, Pa 


Zao 


ARECISION 


TUBE COMPANY 


GET YOUR 
FREE COPY 
OF THIS 
DATA BOOK 





You save time, space and money with this 


Salem-Brosius furnace charging machine 


For maximum efficiency and flexibility in furnace 
operations, load and unload your heating furnaces 
and charge your melting furnaces with a Salem- 
Brosius Auto-Floor Charging Machine. One man at 
the controls operates this agile piece of equipment, 
serving furnaces faster and with greater all-around 
economy than is possible with any other stock- 
handling equipment. 

Floor travel is rapid and unencumbered, and stock 
handling is swift, positive and effortless. It reduces 
manpower by mechanizing furnace charging. 

Self-powered, the machine is built in seven sizes, 
ranging in load carrying capacities from 2000 to 
20,000 Ib., and operates at floor speeds up to 250 ft. 
per min., doing the complete stock-handling job 
without auxiliary materials handling equipment. It 
requires no floor installations that become permanent 


MELTING FURNACE WORK HEADS 


~ _S 


Rotating Box 


Pusher Box 


Pusher Fork Tongs 


obstructions; nor does it become an obstruction when 
not in use, because it can be parked out of the way. 
The Salem-Brosius Charging Machine is highly ma- 
neuverable, being able to turn on its own wheelbase 
to reach furnaces and stock piles anywhere in the 
plant. 

Initial cost of the Salem-Brosius Charging Machine 
is far less than other types of charging equipment. 
It has saved as much as 75% in operational costs, 
replacing several men of a furnace crew. It eliminates 
costly maintenance of elaborate materials handling 
equipment, while requiring a minimum of mainte- 
nance itself. 

Before you invest in expensive stock-handling 
equipment, investigate the Salem-Brosius Auto-Floor 
Charging Machine—designed and built by men who 
know your stock-handling problems. 


HEATING FURNACE WORK HEAD 





Sliding Jaw 


SALEM-BRosivs INC 


CARNEGIE, PENNSYLVANIA 
In Canada: Salem Engineering Limited * 1525 Bloor Street West, Toronto 9, Ontario 


SPECIAL MECHANICAL EQUIPMENT + INDUSTRIAL HEATING FURNACES + MATERIALS HANDLING EQUIPMENT 





on decimal equivalents, hydraulic ram 
capacities, wire and sheet metal gages, 
READ on h of material, etc. Hamilton Div., 
B-L- 


CRITICAL 1081. Induction Heating Fast-accurate 


Folder 15C8053C gives advantages of in- 
duction heating and specifications and 


dimensions of induction heater. Allis- 
TEMPERATURES §iaua 
1082. Induction Heating 
12-page bulletin gives descriptions, 
technical data on various sizes. Water 
INS TA age y systems diagrammed, and standard acces- 


sory ent High Frequency Heating . 

Div., berg Engineering Q Nl a SL Ss 

1083. Induction Heating V 
60-page catalog tells of reduced costs 

and increased speed of production on 


hardening, brazing, annealing, forging or 
melting jobs. Ohio Crankshaft 


. . . \w 

1084. Induction Melting \RON be pEiROte” 

New Folder R-51 on line frequency in- EF; A) yrs > 
duction melting furnaces in modern zinc ? 
and aluminum die casting plant. Ajax ORGANIC 
Engineering Corp. EMICALS STAiy 
1085. Inspection ch “ESS ay 

New 6-page bulletin on micro-projec- LOys 
tor. Small intricate parts can be rapidly yQOd 

‘ 


and accurately inspected for size, form rt: 
and finish. Geo. Scherr NON FERROU> 


1086. Instruments MINER, ¢ METALS 

6-page Bulletin lI-E on mechanical : 
force gage for measuring pressure, tensile 
or torque. W. lon 


with 1087. Insulating Firebrick with a 
. 8-page bulletin R-43 gives description of , 
the improved relationship between heat losses and 


weight of refractory lining. Babcock & | DJ ETERT-DETROIT 


PYRO , Wilcox, Refractories Div. < ‘ 
OPTICAL , 1088. Isothermal Quenching Sulfur Determinator 


Bulletin dealing with isothermal treat- 
PYROMETER ; ment of carbon and alloy steel in molten Tins Wihatnrd.Thetreis 
salt baths. Ajax Electric — 


Sulfur Determinator 
08 I abo , , > features an extremely 
instantly meas- I 9. ratory Furnace : simple direct-reading 

- Data on nonmetallic resistor furnaces Re burette. No involved 
ures temperatures  - for research, testing or small-scale pro- measuring or comput 
. ait t =a) duction. Harrop Electric Furnace ing nee fast . 

curate anal ysis of sul 

a, eres 1090. Laboratory Furnaces content in scores of 
fast moving ob- Bulletin 1016 on single and dual tube pot. law cost, 
. furnaces for combustion analysis. Sentry ye se ee ew 
jects, smallest 


tained. Widely used in 
1091. Laboratory Furnaces —_ | - company laboratories 
Streams. Stock New Bulletin S-1055° on gas-fired lab- . a 2 
ranges from oratory furnaces which provide tempera- over 18 years. 

tures from 1000 to 3350° F. Selas 


1400°F to 7500°F. — 1092. Leaded Alloy Steel 

“ ‘ 8-page bulletin gives mechanical prop- 
Send for FREE catalog No. 85. erties of Rycut 40, Medium-carbon fast 
machining leaded alloy steel. Case studies 
Ryerson 


and 1093. Leaded Steels 
16-page booklet on basic characteristics 
the improved mechanical properties and workability of 
- leaded steels. Case histories. Copperweld 
PYRO Steel Co. 
1094, Lubricants 
RADIATION ; 8-page booklet on colloidal grease 


$2 —~ compounds, hydraulic concentrate Dietert-Detroit Sulfur Determin.io 
PYROMETER and others. Grafo Colloids No. 3104, with combustion Furnace 
. 1095. Magnesium 
Just press button and sight target New 53-page book on wrought forms of Send for FREE Catalog! 


; ; magnesium. Includes 4 tables. White 
for instant, precise temperatures. Metal Rolling & Stamping Corp . 16 page Dietert-Detroit Cata- 


ta. . a log illustrates and describe 
Large, easy-to-read dial. Stock 1096. Magnetic Alloys o both Sulfur and Carbon 


ranges 1000°F to 3400°F. No ac- Article on use of vanadium in magnetic we Determinators and complete 


alloys. Comparison of Supermendu a 
: 1 ) aur and and supphes 
cessories needed! Permendur. Vancoram Review, Fall 139: 


Vanadium Corp. 
Send for FREE catalog No. 100. 1097. Magnetic Materials HARRY W. DIETERT CO. 


New ~~ book on electronic, mag- CONTROL EQUIPMENT 
ETER netic and e ctrical alloys. Engineering 
properties and fabrication characteristics 9330 ROSELAWN DETROIT 4, MICHIGAN 


COKE 








Carpenter Steel Co. 


Send me your latest Corbon-Sulfur Determinator 
1098. Marking catalog. 
INSTRUMENT Data on hammers for metal markings 


Pannier “Co — 
= INC. _ COMPANY 


1099. Marking Machines 


‘ ; ; ADDRESS 
BERGENFIELD 8. NEW JERSEY Data on various types of marking ma- 
‘ontinued on page 48-A) ary 
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DIAINLESS BRAZING PROBLEMS LICKED 


By assembling inexpensively-produced components 
and then brazing them in this Harper Elevator 
Furnace, Fabriform Metal Products, Inc., Los Angeles, 
has by-passed high manufacturing costs. Forging, 
casting and excessive machining have been eliminated 
in producing a tremendous variety of complicated 
products ... including stainless missile and jet engine 
parts. 

Operated on a two-shift basis, the Harper Furnace 
has not only proved extremely versatile, but has 
enabled Fabriform to overcome many tough brazing 
problems. Even metal working dies and molds of tool 
steel have been copper brazed without decarburization. 
Recently, a thousand stainless steel bearing housings 
were copper brazed with only one reject in the lot. 
Relatively heavy sections of difficult-to-braze super 
alloys such as A-286 and Inconel X have been handled 
successfully. Excellent results have been obtained 
using a variety of base metals, as well as filler metals 
including nickel-base alloys. 

With the furnace capable of holding a ton of parts 
stacked 30” high within a 24” diameter, temperatures 
up to 2100 F can be attained in the inconel retort. 


FOR BRAZING, SINTERING, WIRE ANNEALING, 


Temperature uniformity is excellent: Placed within 
loads 20” high, matched thermocouples show no 
temperature differences. 

“The Harper Furnace is extremely flexible and can 
produce practically any time-temperature cycle within 
reason,” says A. M. Thompson, Gen. Mgr. of Fabriform 
“Because we can hold effluent dew points of —90 F, 
it’s possible to do extremely difficult jobs ... We 
haven't had a forced shutdown since installation over 
three years ago.” 

To reap the maximum benefits of furnace brazing, 
you'll find it pays to talk to a Harper representative 
for Harper can build the furnace best suited to your 
needs: box, pusher, mesh belt, roller hearth, bell, ele 
vator or pit. For detailed information, write: Harper 
Electric Furnace Corp., 40 River St., Buffalo 2, N. Y. 


hy ARPE ELECTRIC 


FURNACES 


BRIGHT ANNEALING, FORGING AND RESEARCH 








Get Started Easily 
In Vacuum Metallurgy 


NRC experience and standard 
ARC, INDUCTION and RESISTANCE 
furnaces can remove the 

mystery from vacuum metallurgy 


m 6g’ | ie 
-_ oy , NRC Model 2703 Vacuum ARC Furnace. Safe 


and versatile unit for consumable or nonconsum- 
able electrode melting into cold mold or skull (con- 
sumable head not shown). Other arc furnaces with 


~ : . copacities to 10,000 Ibs. 
“= («( ® 


a> 
| 


> 
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NRC Model 2551 Vacuum INDUCTION Furnace. Pockoged 
facility for melting, purifying, alloying, casting and heot treating 
Capacity 12 Ibs. Other standard and special induction furnaces 
with capacities up to 5000 Ibs. 


If you're considering vacuum metallurgy as part of your product 
improvement or quality control program, you don’t have to start 
from scratch. You can get a head-start by drawing on the experi- 
ence NRC has gained from building and operating more high 


vacuum furnaces than any other organization in the world. You NRC Model 2904-8 Vacuum RESISTANCE 
can easily find out Furnace. Over 100 now in use for melting, purify- 
7 ing, alloying, casting, sintering, brazing, annealing, 
20 ¢ ros : and heat treating. Capacity 2-8 Ibs. Temperature 
if vacuum metallurgy can help you as it has others. shah SHENG, Deeeames to 12° aan eo. Other 
Whether you really need to run your own development program. standard resistance bell, muffle, and pit furnaces 
What type of furnace would be most suitable for your program. with het senes to 54° die. by 12. 
How to avoid the expensive pitfalls which have so often 
trapped beginners. 


Then, if you decide to run your own development program, you'll 

find you can get started easily, economically and quickly with a 

standard NRC furnace, such as those shown here. You won’t need 

a vacuum expert to run it either. NRC furnaces are designed for 

simplicity, and our engineers will teach you up-to-date operating EQUIPMENT 

. ie CORPORATION 

techniques. This is the way for you to get useful results sooner, 

with a minimum investment in equipment, time, and operating 

costs. 


: aah ° , M perr 1S, CHARLEMONT ST., NEWTON 61, MASS 
Get started easily by writing for more information today. 


A Subsidiary of National Research Corporation 
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NEW BRASS 
CUTS POLISHING COST 


also gives you clean, easy drawing and forming, plus 
higher physical properties —Formbrite,” Superfine-Grain 
Drawing Brass by Anaconda 














AIRGUIDE Instrument Co., Chicago, gets high luster finish on bezels for its famous S8AROMETER in Chippendale style, 
weather instruments at 50% lower cost since it switched from ordinary drawing brass “Mayfair,” is one of the broad line of 
to Formbrite. Airguide does the presswork—says Formbrite “draws and forms excel- _ brass-trimmed instruments made for 
lently.” Driscoll & Co. (above ) polishes the bezels. home and marine use by Airguide. 


FISHING LURES made by Williams Gold Refining Co., Inc. 
“Wabler,” top and “Weedler,” below—are polished for plating 
by tumbling. Switching from ordinary yell 

brite cut costs more than 40%. 


MARSH Instrument Co., Skokie, Ill., dropped a finishing opera- 
tion and gets a “mirror finish” with a light buff, by using Form 
ow brass to Form- brite. Marsh reports that finishing cost was cut 40% and that 
forming is “excellent.” 


Wherever finishing is an important cost factor in FORM BRITE 
formed or drawn products, Formbrite in sheet and 

strip is designed to save you money. In brass wire SUPERFINE-GRAIN DRAWING BRASS 
alloys for cold-heading and upsetting, it gives a 

stronger, springier, more abrasion-resistant product. sememer 


® 
For more detailed information, write for Publication 
B-39. Address: The American Brass Company, Water- D 
bury 20, Conn. In Canada: Anaconda American Brass 


Ltd., New Toronto, Ont. 


5843 Made by The American Brass Company 
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“<0 ~ Tough To Finish... 


. . . before Northwest developed these SPECIAL ALUMINUM CHEMICALS.” 


If you work with aluminum you'll be interested in Northwest's outstanding line 
of chemicals for use with modern alloys. Northwest's continuing research and 
development program has earned them the reputation of "First with the best” 
in this rapidly developing field. It will pay you to investigate: 

ALKALUME CLEANERS—A full line of cleaners and etching 
compounds especially formulated for use on aluminum alloys prior to 
plating, anodizing, painting or welding. 

ALKALUME PRE-PLATE—An especially effective zincate bath 
for preparing aluminum for plating. 

ACID SOLVENT EMULSION CLEANER No. 1—An effec- 


tive cleaner for fabricated aluminum parts before finishing. 


DRAWING AND STAMPING COMPOUNDS FOR 
ALUMINUM 


NORTHWEST CHEMICAL PRODUCTS are manufactured on the West Coast by— 


ALERT SUPPLY COMPANY 
2041 South Davie . Los Angeles 22, California 





Got a Problem? 
Let our Cleaning 
Specialists 













help you! 






NORTHWEST CHEMICAL CO. 


9310 ROSELAWN DETROIT 4, MICH. 


MAY 1958 





Greater visibility, trimmer lines 
in new car styling... 





ee 
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With nearly 7,000,000 cars being produced annually, 
the increased use of glass has demanded major produc- 
tion improvements in the manufacture of new pano- 
ramic windshields and back-lights. 

Since the forming of the intricately curved glass is 
done at a temperature at which glass is soft and can 
be bent, the production process challenged heat process 
engineers to design new automatic equipment capable 
of mass producing these large precision glass pieces. 

Selas engineers, working with the nation’s leading 
glass manufacturer, discovered that Gas could produce 
the proper time-temperature cycle demanded by this 


thanks to GAS 


process, efficiently, quickly, reliably. The flat glass is 
conveyed under radiant Gas burners which bring the 
glass quickly up to bending temperature and allow the 
shaping of windshields, with reproducible uniformity, 
at high production rates. 

The production of this wrap-around windshield is 
another example of the contributions modern Gas 
equipment is making to American manufacturing. If 
you have an operation demanding precise process heat- 
ing, call your local Gas Company’s Industrial Specialist 
and discuss the economies and results you, too, can get 
with modern Gas equipment. American Gas Association. 


See Playhouse 90 with Julia Meade on CBS-TV. Watch local listings for time and station. Sponsored by your Gas Company and the Gas Industry. 
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(Continued from page 43) 
chines from bench mounted machines for 
light duty marking to machines capable 
of marking at up to 6 tons table pressure 
Jas. H. Matthews & Co. 


1100. Melting 

Articles on commercial vacuum fur- 
naces for metals and alloys and some as- 
pects of vacuum melted metals. NRC 
Equipment 


1101. Metal Sorting 

Data on nondestructive sorting tool for 
raw, seini-finished or finished parts. J. W 
Dice 


1102. Métal Treatment 
Booklet on metal treating and finishing 
products. John Swift Chemical Co. 


1103. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance 


1104. Microscopes 

New 8-page Bulletin SB2200-1157 on 
metallurgical microscopes. Accessories 
American Optical 


1105. Microscopes 

40-page catalog on metallographs, met- 
allurgical, toolmakers, stereoscopic, polar- 
izing, phase and other microscopes. Uni- 
tron Instrument Div., United Scientific 


1106. Nickel Alloy 

12-page booklet on Hastelloy Alloy 
R-235, vacuum-melted wrought alloy con- 
taining aluminum and titanium. Haynes 
Stellite 


1107. Nickel Tubing 

New 20-page catalog gives properties 
and compositions of 13 analyses of nickel 
and nickel alloy tubing. Selection guide 
Superior Tube 


1108. Nitrogen Generator 
6-page Bulletin No. I-100 gives flow 
diagram and explains operation. C. M 
Kemp Mfg. Co. 


1109. Oil Quenching 

8-page brochure tells in detail how car 
bon steel often can replace alloy steel 
when additive is used in the quenching 
oil. Aldridge Industrial Oils 


1110. Ovens 

New Bulletin No. 5720 on mechanical 
recirculating utility ovens with automatic 
temperature control. Blue M Electric 


llll. Ovens 

New Bulletin 4-257 on gas, oil and elec- 
tric ovens. Load carrying door, electric 
drawer and walk-in type ovens. Grieve- 
Hendry 


= op 2 ere 


1112. Perforated Metals 
4-page folder gives ordering specifica- 

tions and patterns. Wickwire Spencer 

Steel Div., Colorado Fuel and Iron Corp 


1113. Phosphor Bronze 
Facilities for rolling, cleaning, welding 


trimming and treating phosphor bronze 
Rolling Mill Div., Miller Co. 


1114. Plating Solutions 

Operating manuals for plating with 
metal fluoborate solutions. Baker & Ad- 
amson. See page 4 


L115. Powder Press 

New bulletin on 100 ton fully mechani- 
cal multi-action powder metal press for 
conventional punches and dies and with- 
lrawal die sets. Dorst Div., Arnhold 
Ceramics, Inc 


1116. Powdered Iron 

New 12-page Bulletin No. 2 on iron 
powders. Properties of Plast/Iron, Plast, - 
Steel, Plast/Nickel, Plast/Manganese and 
Plast/Silicon. Plastic Metals Div 


1117. Precision Casting 

8-page bulletin on investment castings 
of various ferrous and nonferrous alloys 
Engineered Precision Casting 


1118. Presses 

Data on mechanical and hydraulic pow 
dered metal presses 8 to 500-ton capaci- 
ties. Haller, Inc. 


1119. Protecting Tubes 

New bulletin 1000-56 on ceramic pro- 
tecting tubes lists sizes and materials 
Claud S. Gordon 


1120. Protective Coatings 
Folder 301 on industrial protective 

coatings of rubber, neoprene and other 

materials. Arco Steel Fabricators 


1121. Pure Metals 

New 20-page booklet on pure metals, 
master alloys and ferroalloys. Chemical 
analysis, powder mesh sizes, vacuum 
melting grades. Shieldalloy 


1122. Pyrometers 

New 8-page Catalog No. 175 on instru- 
ments for temperature measurements 
Advantages, operating procedure, acces- 
sories. Pyrometer Instrument Co. 


1123. Quenching 

Catalog FR-853 on two small self-con- 
tained quenching units. Bell & Gossett 
1124. Quenching Oil 

New folder on quenching oil. Five 
tables. E. F. Houghton 





BUSINESS REPLY CARD 


Ne Postage Stamp Necessary If Mailed In the United States 





5<¢ POSTAGE WILL BE PAID BY— 
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1125. Quenching Oil 

Bulletin 37 on light quenching oil 
Effect of agitation on quenching speed 
Sun Oil 


1126. Radiation Badges 
Data on badges which record exposures 
to radiation. Picker X-Ray Corp 


1127. Radiation Products 

8-page catalog on equipment for nuclear 
research. Radioactive sources, shielding 
and exposure equipment, instrument 
ervices. Budd Co. 


1128. Radiography 

16-page booklet on materials and acces- 
sories for industrial radiography. Guide 
to selection of fi! tecommended de- 
velopment techniques. Eastman Kodak 
X-Ray Div. 


1129. Rare Earths 

New 42-page book on rare earths. Bib- 
liography. Applications in nonferrous 
metallurgy. Davison Chemical Co. 


1130. Recorder 

New 24-page Bulletin RI-8-57 on re- 
corder and accessories. 8 tables, many 
diagrams. Riehle Testing Machines 


1131. Recorders 

New 4-page Data Sheet ND46-20 (1) on 
recorders and indicators for precise 
measurement of pressure, force, tension 
and weight. Applications. Leeds & North- 
rup 


1132. Refractory Metals 

Booklet on tungsten. molybdenum, tan- 
talum, their properties and uses. Fansteel 
Metallurgical 


1133. Rust Preventive 


New bulletin on wetting agent and 
emulsifier for use as a rust preventive 
and corrosion inhibitor. Swift & Co 


1134. Rust Remover 
New 4-page folder on alkaline rust re- 
mover. How and where to use it. Turco 


1135. Salt Bath Descaling 
12-page Bulletin B-40 describes con- 
tinuous and batch descaling lines for re- 
moving oxide from steel, bronze, copper, 
stainless and titanium. Drever Co 


1136. Salt Bath Furnaces 
Data on salt bath furnaces for batch 
and conveyorized work. Upton 


1137. Salt Baths 


Bulletin 200 tells about different types 





FIRST CLASS 
PERMIT No. 1595 


(Sec. 34.9 P.L. & R.) 
Cleveland, Ohio 

















... FINEST IN HEAT TREAT FURNACES FOR OVER 40 YEARS 














LOOK TO 


Remember the old tomb-type furnaces with their limited capacities, 


packed doors, week long processing cycles? Long time ago wasn't 
it?. .. “King Tut”, above, dates back to 1916, in fact. Then, in 
22 Holcroft developed a new process for malleable annealing. 
“Tombs”, heavy boxes, packing, long cycles were eliminated. And 
with Holcroft engineers leading the way, castings came to be treated 
in continuous, controlled-atmosphere furnaces. As a result pro- 
duction capacities have been vastly increased . . . cycle time has 
been reduced to hours . . . quality has reached new peaks... man- 


power, space and fuel needs have been cut to a cost-saving minimum 


Point is, if there’s a better, faster, less costly way to do a job of 
heat treating, you'll find it first in a Holcroft furnace . . . and that’s 


a time-tested fact! 


AND COMPANY 


Sac 6545 EPWORTH BOULEVARD . DETROIT 10, MICHIGAN 
a company 
; ss 
CHICAGO, ILL e CLEVELAND. OHIO «+ HARTFORD. CONN. « HOUSTON, TEXAS ¢ PHILA. PA, 


CANADA: Walker Metal Products, Lid.. Windsor, Onta 
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a wide selection... 


Let’s 
rolled strip steel. 
grades, 
tempered spring steel. 
OOL” or 
24”—and tolerances for gauge and width closer ion 


examine this “Full Line” product list of cold 
At J&L it includes all carbon 
coated and uncoated, alloy, stainless and 
It offers all thicknesses from 
less to .156” or more, in widths from 4” to 
standard when required. There are “Full Line” 
advantages, too, in a range of controlled tempers 
and structures possible only with the variety of 
annealing, heat treating and rolling processes 
found at J&L. 


Your “Full Line” benefits can start by specifying 
J&L because only J&L makes standard and restricted 
specification cold rolled strip steel in such a wide 
range of analyses, grades and sizes to accurately 
meet the most exacting need. 


For Strip Steel, call the Strip Steel Specialist—J&L. 


J&L STRIP STEEL DIVISION produces a full line of 
restricted and standard specification strip steel 
in these grades and types: 


Low Carbon Electrolytic Zinc, Tin, 
High Carbon Copper & Brass Coated 
Tempered Spring Steel Alloy 
Moiten Zinc Coated Stainless 
(Jal Zinc) Painted 
STRIP 
STEEL 


Jones & Laughlin 
STEEL CORPORATION 

STRIP STEEL DIVISION 

GENERAL OFFICES: YOUNGSTOWN 1. OHIO 

PLANTS =: YOUNGSTOWN - LOS ANGELES * 


INDIANAPOLIS + KENILWORTH, NEW JERSEY 


SALES OFFICES: iw ror ROCHESTER NEWINGTON, CONN. YOUNGSTOWN «© CLEVELAND 
DETROIT + INDIANAPOLIS CHICAGO + O86 ANGELES * SAN FRANCISCO 
FORMERLY THE COLO METAL PROOUCTS COMPANY 


of baths and operating characteristics of 


each. Table of bath recommendations for 
various steels. A. F. Holden 


1138. Shear 

Bulletin on bar and billet shear for 
rounds, squares, flats, billets and struc- 
turals. either hot or cold. Hill Acme Co. 





——_ Stampings tions in nuclear power plants. Wolverine 
age brochure on story of stamping. Tube Div. 
ma y tabular data. Re public Steel 1164. Tungsten 


L151. Stereomicroscopes 
38-page catalog D-15 shows value of 

three-dimensional microscopes for indus- 

trial assembly lines and research labora- 


1139. 
Data sheet on castin 
copper many Be A the she 


Shell Mold Castings 
of beryllium 
molding proc- 


ess. Ampco 


1140. 


eta 


Sonic Thickness Tester 
Measurement of wall 
one side by sonic method. Branson 


thickness from 


1141. Spectrograph 
New 8-page catalog on Spec-Lab. Per- 
formance and applications of three 


models. peat 


1142. 


4-page bu 


available. Baird Atomic 


1143. 


Springs 


New 16-page =p 8 
processed springs of 
recommendations, specifications 


Design 
Instrument Specialties Co., Inc. 


1144, 


Stainless Castings 


No. 
eryllium 


three 


Spectrographic Sources 
letin 35A on spectrographic 


source unit gives data on units 


9 on micro 


copper 


28-page booklet of data on stainless 
roperties, handling 
'ypical applications. 
Allegheny Ludlum Steel 


castings. 


1145. 


Screw 


1146. 


neutral and alkaline solutions. 
tional Nickel 


1147. 


Analyses, 
and heat treatment. 


Stainless Fasteners 
24-page catalog 56-A 
types. 7000 items included. Star Stainless 


Stainless Steel 

32-page book on corrosion resistance of 
stainless steels. 18 tables on tests in acid, 
Interna- 


Stainless Steel 

32-page catalog gives chemical composi- 
tion, strength factors, physical properties 
and applications 


of 200, 300, 400 


stainless. Sharon Steel 
1148. Stainless Steel 


lists sizes and 


series 


12-page bulletin on chromium-manga- 
nese austenitic steel. Effect of cold work- 
ing, properties at elevated temperatures, 
corrosion resistance, magnetic permeabil- 


ity. U. S. Steel Corp. 
1149, 


of precision small parts. 


Stampings 
New brochure on stamping and forming 


equipment for manufacturing, 
and testing. Be Cu Mfg. Co 


Methods used, 
inspecting 


12-page booklet on tungsten coil prod- 
ucts for electronic and lighting applica- 
tions. Sylvania Electric Products, Inc., 
Tungsten & Chemical Div. 


tories. Bausch & Lomb Optical 1165. Tungsten Alloy 
1152. Sub-Zero Treatment ons —— Tle * aed ee re 
12-page booklet on industrial chilling ev" “eo 4 Seartine 2 —" : 
equipment for shrinking, testing and coppe 9, 
reaing of metals. Cincinnati Sub-Zero 1166. Ultrasonic Cleaning 
— 12-page article on new ultrasonic 
1153. Sulphur Determination cleaner —" = —_. a ) ~7 
Literature on 3-min. determinator for Techies. Lea eta gest, V. 9%, . 
use with combustion furnace. Dietert uenter, Ltd. 
= . . 
1154. Temperature Measuring 1167. Vacuum Furnace 


Bulletins on 


empilstiks and Tempilag 


New Bulletin 807 on laboratory vacuum 


describe products and tell how to use furnace. Specifications, applications, ac- 

them. Tempil’ Corp. : cessories. Kinney Mfg. 

1155. Testing 1168. Vacuum Furnaces 
Literature on pickle pills for testing New oo. Se No ya! une 

strength f *kli solutions. Ferro uum are melting furnaces and pumps. 

fon ae = Tables and graphs. Rochester Div. CEC 

1156. Thermocouples 1169. Vacuum Melting 


Chart of color codes 


and calibration for 


thermocouples and extensions. Resistance 


New bulletin on vacuum melting fur- 
naces which can be used in production or 


tables for pyrometer wires. Thermo Elec- for laboratory purposes. Zak Machine 
tric Works 
1157. Thickness Tester 1170. Welding 

Data sheets give ranges, principle of Data on welding positioners from 500 
operation of nondestructive thickness to 100,000 Ib. capacity. Harnischfeger 


tester. Unit Process Assemblies 


1158. Tin 

20-page bulletin on importance of tin to 
Applications in 
container, 
electronic equipment and others. Malayan 


the 


Tin Bureau 


American 
aircraft, 


industry. 
chemical, 


electrical, 


1171. Welding Equipment 
Catalog on Cadweld process and arc- 
welding accessories. Erico Products 


1172. Welding Stainless 


New 12-page booklet—a guide to better 
welding of stainless steels. In question 


1159. Titanium and answer form. Arcos 

8-page booklet on corrosion resistance 1173. Wire Cloth 
of titanium. Table of ratings of titanium 94-page catalog on line of industrial 
compared with stainless and aluminum in wire cloth, screen and wire cloth prod- 


various mediums. Mallory-Sharon Metals 


1160. 


New bulletin 


Titanium 
on titanium 
and use. Mechanical properties. 


production 
Republic 


ucts. Types, sizes, applications. Metals 
and alloys used, stainless compositions, 
corrosion tables. Cambridge Wire Cloth 


Steel Corp. 1174. X-Ray Equipment 
4-page folder on X-ray viewer. Ad- 
1161. Titanium Powders vantages and applications. Philco 
Data on high purity and commercial 


titanium powders. Hawkridge 


Metals 


1175. Zine Coating 


‘ Me New 12-page booklet on zinc-coated 
1162. Tool Steel steel. Fabrication, uses. Weirton Steel 
Color guide to estimate temperatures - =n . 
has heat colors on one side and temper 1176. Zirconium 


colors on the other. 


1163. 


Tubing 


Bethlehem Steel 





8-page brochure on 
sion resistant 
based on this 


zirconium’s corro- 
properties. Applications 
property. Carborundum 








New 6-page folder on tubing applica Metals Co 
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DUCTILITY INCREASED OVER 200% 


+ ew 


YET TENSILE STRENGTH 
IS STILL THE SAME! 


MILLER 
200-PLUS 


@ Fewer production problems—more uniformity 
@ Longer tool life—up to 30% more 








@ Fewer intermediate operations—and resultant savings 


@ Available in strip form 


Write for complete technical data 





ROLLING MILL DIVISION 
THE MILLER COMPANY 


MERIDEN, CONN. 
...WHERE PHOSPHOR BRONZE IS THE MAIN LINE-NOT A SIDELINE 
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Of course you can 


titrate NIALK* TRICHLOR 


but you never have to 


psp is why « The reason you take the time and the 
trouble to titrate your degreasing solvent is to make sure its 
stabilizer is still active. 

Users of Nialk trichlorethylene find six good reasons why 
they never have to titrate. All six add up to psp—permanent 
Staying power. 
psp means neutral The neutral Nialk stabilizer cannot 
react with acids to form corrosive salts. Yet it will “accept” 
acids and render them neutral and harmless. 


psp means insoluble in woter You never lose the Nialk 
stabilizer during steam distillation or in the water separator 
of your degreaser. 


psp means full protection The Nialk stabilizer has the 
same boiling point as the solvent, so you get complete re- 
covery during distillation and full protection in your de- 
greaser’s vapor phase. 

psp means no staining or discoloration of parts There 
are never compounds present which can cause staining or 
deposit formation on the metals you degrease. 


psp means clean bath and coils Nialk trichlor eliminates 
those deposits on coils which cut down heat transfer. Nialk 
baths have gone for long periods of time without coil cleaning. 


psp works with all metals Even white metals are de- 
greased safely with Nialk. Chlorides of these metals, which 
might be formed under unusually severe conditions, are 
rendered harmless by the Nialk stabilizer 

Hooker Bulletin 70 gives a complete study of stabilizers. 
Bulletin 72 offers a standard titration method for Nialk 
trichlorethylene. Send the coupon for either. 


Please send: [] Bulletin 70, Advantages of Nialk Neuvtrally 
Stabilized Trichlorethylene [_) Bulletin 72, Acid Acceptance Test 
for Trichlorethylene. 


Nome 
Title 
Company 
Street 


City . 


HOOKER HOOKER 


ELECTROCHEMICAL COMPANY [itthieteeeen 


PLASTICS 
405 UNION STREET, NIAGARA FALLS, N. Y. 


Sales Offices: Chicago os Argeles New York Niagara Falls 
Philadelphia Tacoma Worcester, Mass. 


In Canada: Hooker Chemicals Limited, North Vancouver, 8. C. 
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lf you have to titrate your degreasing solvent often 
because it contains stabilizers which wear out, it's time 
you took a look at Nialk TRICHLORethylene with psp. 
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Insert halves are first carefully cleaned and fluxed. The sheet of EASY-FLO, .005” 
thick, in three sections, is liberally fluxed with HANDY FLUX. Following this, the halves 


How EASY FLO 





Helps |COLUMBr4 RECORDS make records 





EASY-FLO is put to excellent use in the die inserts (or 
backing plates) used in the manufacture of Columbia 
Records at the company’s Bridgeport, Connecticut, 
plant. These die inserts are the heating and cooling 
elements used in the actual plastic record molding; 
in a very real sense, they are behind the entire record- 
making operation. The die insert assembly consists 
of two steel plates, the bottom plate being grooved to 
permit the passage of steam, at a temperature of 
300° F under a pressure of 130 lb., followed by cold 
water at a pressure of 120 Ib. When joined, they must 
be absolutely leak-tight and strong enough to stand 
up under thousands and thousands of stampings 
through drastic temperature changes and thermal 
shock. 


Your NO. 


These brazed backing plates have a life cycle of some 
250,000 records; they are usually retired because of 
warpage in the steel, rarely for joint leakage. 

This example illustrates just a few of the qualities 
that make silver brazing such a superior joining 
method. Strength under high pressure, resistance to 
temperature changes and thermal shock, and produc- 
tion ease; one, or all, of these qualities may apply to 
your product or production operation. We will be 
happy indeed to show you how you can benefit from 
this blue-ribbon method of joining all kinds, shapes 
and sizes of metals—similar and dissimilar. BULLETIN 
No. 20 will get you off to a good start on the values, 
techniques and economies of low-temperature silver 
brazing. Write for your copy. 


Source of Supply and Authority on Silver Brazing Alloys 


OFFICES ond PLANTS 


HANDY & HARMAN : 


OETSOIT, micH 
LOS ANGELES, CALF 


General Offices: 82 Fulton St., New York 38, N. Y. toronto, canana 
DISTRIBUTORS IN PRINCIPAL CITIES 


MONTREAL CANADA 





are put together with EASY-FLO as a “sandwich filler” (below, left). 
Entire assembly is heated to o brazing temperature of 1170° F. 
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Above view shows Landis Centerless Grinder in operation. 
Talide-tipped work rest blades have been supplied as initial GIVE PHENOMENAL RUN OF 90-1... 
equipment on mony Landis Centerless Grinders. 
A leading strip steel producer of razor blade, high- 
SAR ok 3 carbon, spring and stainless steel reports over 1200 
coils were gang slitted with Talide knives, com- 
pared to 15 coils with steel knives. More tonnage 


rs was produced in one regrind of the Talide knives 
than over the entire life of a set of steel knives, 
Burr-free, clean-cut edges produced with scrap rate 


practically eliminated. 


LARGE ELECTRIC MOTOR PLANT 
Part ..... + Stainless Steel Rotor Shaft for Electric Motor. $18,000 SAVED USING TALIDE 


Operation . . Grind 7 diameters simultaneously, 

Machine ...No. 12 Landis Centerless Grinder. SHEAR BLADES 

Blade ..... Special multiple step Talide-tipped work support 
blade No. C-4884. 

Results... . Talide-tipped blade in continuous production for 91 
days (2 turns per day) compared to best previous 
production run of 3 days with hard alloy steel blade, 


A large electric motor manufacturer, shearing 
.014” silicon steel for transformers, advises first- 
year savings of $18,000 in blade costs after 
completely equipping their press line with Talide. 
tipped blades in lengths ranging from 15” to 87”. 
Talide shear blades are averaging 1,000,000 cuts 
—— = per grind compared to 10,000 cuts obtained with 
steel blades. 


. Pig ) 4 METAL CARBIDES CORPORATION 
; a nai Youngstown 12, Ohio 
LEADING ARMS PRODUCER ceports outstanding service 
life with Talide centerless blades over past 10 years—outperforming 


and outlasting all other work support blades. EXCLUSIVE RETIPPING SERVICE 


Peet .cties a hot Because of its exclusive hot press method, 

° 3 634 b otgun barrel. . < Metal Carbides is able to rework worn, 
Operation .. Grind entire gun barrel simultaneously to series of chipped out or broken areas of carbide-tipped 
compound angles. blades back to original size and dimension 


Machine... No. 5 Cincinnati Centerless Grinder. UE Ge SEE ONS Cepas Seemetes. 


Blade ..... Special Talide-tipped work support blade 3434” 
long, having 9 steps and 10 compound angles 
ground to .0001” tolerance. 


Results .... Talide-tipped blades last 150 eC y a | 
days per grind—hardened wK Losi 


"RE Hepp. 
steel blades 3 days. Several ® 2 
Talide blades have been in TALI D E , 
continuous production for : i ae 
over 5 years—being retipped a a 


with a new Talide metal wear 
strip every 12 to 18 months. 


Pe 8 Lb HOT PRESSED AND SINTERED CARBIDES » VACUUM METALS 
eee penis ai teer, Woke fax HEAVY METAL + ALUMINUM OXIDE + HI-TEMP. ALLOYS 


76-page catalog 56 or ask for sales ; 
engineer to call ' OVER 25 YEARS’ EXPERIENCE IN TUNGSTEN CARBIDE METALLURGY 
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How to find a be 


heat-treating method 


Here’s a sound way to do it. Take your prob- 
lems to the people who have consistently, 
over the years, provided the metal treating 
industry with new and better ideas, more 
efficient, more practical equipment. This 
will bring you to Lindberg, creators of the 
famous Cyclone type atmosphere furnaces, 
the long-life “‘dimple”’ vertical radiant tube, 
the revolutionary new CORRTHERM 
electric heating element and so many other 
innovations in better heat treating methods. 
Lindberg is synonymous with heat treating 


furnaces. We build them for carbonitriding, 
carburizing, hardening, tempering, normal- 
izing, bright stainless annealing, brazing, 
carbon correction, nitriding, or any other 
metal treating requirement. Give your pro- 
duction processes the advantages of Lind- 
berg’s forward look in “heat for industry” 
techniques. Get in touch with your nearest 
Lindberg Field Representative (See classified 
phone book) or write Heat Treating Furnace 
Division, Lindberg Engineering Company, 
2448 W. Hubbard St., Chicago 12, Illinois. 
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The Celanese multimillion-dollar Fortiflex plant 
for production of low-pressure polyethylene used 

structurals in preference to painted 
steel in all exposed outdoor areas. The plant, situ- 
ated on a 200-acre site near Houston, is exposed to 
the highly corrosive at:nosphere of that industrial 
area. 

After consideration of the low initial cost of gal- 
-vanizing, with an expected life ~f 10 to 15 years, 
Celanese 


. 


steel catwalks at this plant are still in good condi- 
tion after 10 years of service. Galvanizing costs as 
low as $0.17 to $0.33 per sq. ft. for I-beams have 
been reported. Considering that the zinc in a 2 oz. 
coating costs only $0.013 per sq. ft., the low cost 
of galvanizing is understandable. As shown in the 
comparative cost table below, galvanizing not only 
has the lowest first cost, but does not have the 
problem of repainting every 4 years. 


Galvanizing vs. Painting Structural Steel 
(Initial cost per square foot) 


GALVANIZING* PAINTING” 


Case A Case B 
Sandblast $0.15 Wire brush and chip $0.05 
Primer 0.05 Primer 0.05 
2 finish coats 0.10 2 finish coats 0.10 
Total $0.20 $0.30 $0.20 
" Average cost on 200 tons of various-sized pipe supports, based on 
cost of $50 per ton for 2-ounce coat. 
” Primer applied as shopcoat: finish coats applied in field. 


ST. JOSEPH LEAD COMPANY 
250 PARK AVENUE 
NEW YORK 17,N. Y. 


f-Lead in the United, sta 
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Pilot Plant Equipment... 
a Lindberg Innovation 


When there is something new in “heat for 
industry”’ most often it comes from Lind- 
berg. The latest is a new line of Lindberg 
equipment now available that fills in a long- 
felt need in metal treating. Our engineers 
have designed a brand new group of fur- 
naces to bridge the gap between laboratory 
and production line. This larger-than-lab, 
smaller-than-standard equipment is designed 
specifically for pilot plant use. You can test 
your materials, your methods, on equipment 


moderately priced but production capable. 
Fuel-fired, electric and High Frequency units 
are included. Six different types of furnaces 
can be supplied including, as illustrated, an 
electric vacuum-type furnace ideal for testing 
this newest and most promising heat treat- 
ing method. Get in touch with your nearest 
Lindberg Field Representative (See classified 
phone book) or write Pilot Plant Equipment 
Division, Lindberg Engineering Company, 
2448 W. Hubbard St., Chicago 12, Illinois. 
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TRIAS T  T  H 


Gold color finish attracts the eye 





Vinyl finish sprayed to 
look like morroco leather 


Something new for product designers 
is Unichrome Coating 6400 — a tex- 
tured, highly mar-resistant protective 
finish. It can add distinction and dur- 
ability.to any product. It has a costly 
grained leather look, yet is applied by 
spray, in thicknesses of up to 20 mils 
per coat, 


WITHSTANDS ABUSE 


This finish is hard yet flexible. By as 
much as 10 to 1, it outlives ordinary 
textured enamels under abrasive and 
abusive service conditions. Taber ab- 
rasion tests show only 35 mg. loss in 
1000 cycles vs. 350 mg. for the enamels. 


Being a vinyl] finish, Coating 6400 
withstands chemicals, corrosives, mois- 
ture. It doesn’t stain, is easy to clean. 
The surface can be varied from matte 
to gloss. It also insulates electrically, 
and helps to muffle sound. Send for 
new bulletin. 


With this textured decorative and protective coat- 
ing,products get the quality finish that befits them. 


and repels corrosion 











METAL & THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
Pittsburgh * Atlanta * Detroit 
East Chicago * Los Angeles 
In Canada: Metal & Thermit—United Chromium 
of Canada, Limited, Rexdale, Ont. 


























Products finished with M&T Bronze rival gold in appearance, in consumer appeal. Applications 


are wide as a designer's imagination. 


M&T Bronze plating process 
produces uniform copper-tin 
plate at high speed 


All may not be true gold that glit- 
ters, but improved M&T Bronze 
certainly is the image of the 24K 
kind. 


This distinctive bronze is 88% 
copper, 12% tin — with uniform 
color and coverage even on com- 
plicated shapes. The finish reflects 
more depth and character than 
brass plate; demonstrates more 
durability than copper. It is a one 
plate finish, more economical than 
the copper-nickel-gold it has re- 
placed on trophies, for example. 


DURABLE FINISH 


M&T Bronze, in addition to its eye- 
appeal, offers corrosion resistance 


superior to that of copper. A clear 
lacquer or synthetic applied on top 
of this plate will assure the long, 
tarnish-free life expected from a 
quality finish. 


ECONOMICAL FIMISH 


In overall economy, the M&T Bronze 
process does better than gold or 
brass plating and rivals copper. It 
can save production time, being 
able to plate as fast as one-tenth 
mil in one minute. 


EASY TO USE 


Since the M&T Bronze Process is as 
easy to control and to operate as 
those depositing single metals, it 
assures consistent results. It can be 
plated matte as well as mirror- 
bright, or anywhere in-between. 
Send for data. 
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Lindberg pioneers in 


High Frequency Heating 


Along with its pioneering in all phases of 
“heat for industry” Lindberg is one of the 
largest makers of High Frequency heating 
units. Our ““H-F”’ designers and engineers have 
made outstanding developments in this im- 
portant heat treating field. For example, we 
illustrate a remarkable unit just recently 
completed for aluminizing automotive 
valves. It was designed vertically, saving 
60% of floor space, and is completely auto- 
matic. No operator is required. It fits per- 
fectly into an automated production line. 





Our High Frequency Division provides units 
for hardening, brazing, heating for forging 
and forming, annealing and many other pro- 
cesses, and designs a variety of fixtures for 
application to ““H-F”’ units. Lindberg also 
supplies a complete line of motor generators 
for all induction heating and melting appli- 
cations. Get in touch with your nearest Lind- 
berg Field Representative (See classified 
phone book) or write High Frequency Divi- 
sion, Lindberg Engineering Company, 2448 
W. Hubbard St., Chicago 12, Illinois. 


é R G heat for industry 


MAY 1958 


57 





Equipment for “ 
EVERY Hardness Testing Requirement 


WILSON “ROCKWELL” HARDNESS TESTERS 
.-- ACCURATE AS A PRECISION BALANCE 


No matter what your hardness testing requirements are, there’s 
@ WILSON “ROCKWELL” instrument to do the job. Choose from 
this complete selection of hardness testers: 

“ROCKWELL” —for most hardness testing functions. 
Superficial—for extremely shallow indentations. 
Twintester—combines functions of ““ROCKWELL”’ and ““ROCKWELL”’ 
Superficial testers. 

Semi-Automatic (manual feed) and Fully Automatic—for auto- 
matically classifying tested pieces as CCRRECT, TOO HARD, or 
TOO sorTr—at test rates up to 1000 pieces per hour. 

Special Machines—for testing large objects, obtaining internal 
readings, and other unusual applications. 


ALL WILSON “ROCKWELL” hardness testers provide 

these advantages: 

Accurate performance—precision built, with exact calibration, for 
consistently correct results. 

Long life—durable as a machine tool. 

Easy operation—even an unskilled operator can get perfect 
readings. All controls conveniently grouped. 

Easy maintenance—interchangeable mechanisms, with spindles 
mounted on oil-less bearings. 








DIAMOND “BRALE” PENETRATORS... perfect testing every time 


Only perfect Wilson Diamond Brale 


A perfect diamond penetrator is essential 
Penetrators are sold. Each diamond is 


to accurate hardness testing. Since one 


point of hardness on the “ROCKWELL” 
scale represents only 80 millionths of an 
inch penetration—only 40 millionths on a 


flawless, with no chips or cracks. It’s cut 
to an exact shape. Microscopic inspection 
of every diamond—one at a time—assures 


Superficial tester—the slightest imper- this 
fection will cause a false reading. 





TUKON TESTER ...for precision MICRO « MACRO testing 


The TUKON Tester measures extremely 
shallow indentations. It’s used, for in- 
stance, by manufacturers of watches, 
hairsprings, needles, and fine wire. Labor- 
atories use the TUKON for tests on indi- 
vidual crystals or particles of microscopic 
size. Producers of coatings, film, ceramics, 
and many other materials have made good 
use of the TUKON. 


Three models are available to meet your 
individual requirements. TUKON Testers 
use both the Knoop and 136° Diamond 
Pyramid Indenter. Each TuKON Tester is 
a self-contained hardness testing instru- 
ment— no accessory equipment is needed. 
Knoop edges and levers of fixed length are 
used throughout for application of exact 
load and freedom from internal friction. 





A COMPLETE LIBRARY of helpful information 


rfection—and assures you of accu- 
rate hardness testing every time. 


A wide variety of bulletins describes the many instruments, acces- 
sories, and services Wilson offers. Write for your choice: 

DH-325— WILSON “ROCKWELL” Hardness Testers «+ DH-326—‘“ROoCKWELL” 
Superficial Hardness Testers + TT-58—‘‘rocKWELL” Twintester « DH-327— 


Special “RocKWELL” Testers, including Automatic and Semi-Automatic 
models « DH-7—Twuxkon Applications « DH-328—TUKON Testers. 


MECHANICAL INSTRUMENT DIVISION 


AMERICAN CHAIN & CABLE 
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with basic facts about alloy steels. Though much of the in- 
formation is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 


" This is the twenty-sixth of a series of advertisements dealing 


Cold-Finishing of Alloy Steels: 


The Cold-Drawing of Bars 





Cold-finishing of alloy bars may be divided 
into two general categories: (1) cold- 
drawing, where the bars are pulled through 
a die with no surface removal; and (2) 
turning and grinding, which removes the 
surface. We shall consider the cold-drawing 
procedure in this discussion. 

Cold-drawing is the process of pulling a 
pickled and limed bar through a die, which 
results in a bright, smooth finish of the 
section, combined with close tolerances. 
The alloy bars are prepared for cold- 
drawing by pickling in a hot solution of 
dilute sulphuric acid for removal of scale. 
This is followed by a water rinse, and 
immersion in a hot lime-water bath to 
neutralize the effects of the acid, and to 
aid in carrying special liquid lubricants 
into the die. 

Alloy bars may be cold-drawn under 
four conditions: as-rolled, normalized (low- 
carbon grades only), annealed (lamellar or 
spheroidized), or quenched and tempered. 
These conditions are determined by the 
grade of alloy steel, the resultant hardness, 
and the mechanical properties desired for 
a given end use. 

Incold-drawing, the alloy bar is machine- 
pointed, to reduce the size at one end so it 
will pass easily into the die opening. Other- 
wise, the bar is pushed or extruded into 
the die by an auxiliary device. A die- 
holder, which can be made to contain from 
one to four dies, is mounte? in an appro- 
priate head assembled across a “draw 
bench,” so that from one to four bars can 
be drawn at the same time. The draw 
bench has a bed which accommodates a 
4-wheel buggy with jaws that grip the 
pointed ends of the bars as they emerge 
from the dies. The buggy has a hook on 
one end which engages an endless chain, 
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thus pulling the bars through the dies for 
their entire length. 

After cold-drawing, each bar feeds auto- 
matically into a straightening machine, 
and is sheared or “‘cracker-cut’’ to length 
on appropriate machines. Saws are used 
when the cross-sections of the bars are too 
large to be cracked or sheared, or when 
clean square ends are required. 

Smaller sizes in the form of coils are 
drawn on “‘bull-blocks,”’ or ‘‘wire-blocks,”’ 
depending on sizes, followed by straight- 
ening and cutting on special machines. 

Specifications with respect to chemical 
composition, grain size, hardenability, and 
the like, of cold-drawn alloy steels have 
been given long study by Bethlehem 
metallurgists. If you would like suggestions 
on cold-drawn products, or any other 
problem concerning alloy steels, our metal- 
lurgists will be glad to give you all possible 
help, without cost or obligation on your 
part. 

In addition to manufacturing the entire 
range of AISI alloy steels, Bethlehem 
produces special analysis steels and the 
full range of carbon grades. 


If you would like reprints of this series of advertise- 
ments, please write to us, addressing your request 
| to Publications Department, Bethlehem Steel 
Company, Bethlehem, Pa. The subjects in the 
series are now available in a handy 40-page book- 
let, and we shall be glad to send you a free copy. | 








BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 





BRIDGEPORT BRASS COMPANY 
Welds Aluminum Tubing at speeds up to 


120 fpm 


with an 











Allis-Chalmers Induction Heater 


R. HI FREQUENCY and the Allis- 
I Chalmers induction heater solved 
an important production problem and 
gave Bridgeport Brass tremendous 
welding speed. Because aluminum has 
an abrupt melting point and a tendency 
to buckle, conventional arc welding 
yielded but a few feet per minute. By 
confining heat to a thin surface layer 
at the contacting edges of the formed 
tubing, Allis-Chalmers induction heat- 
ing produced amazingly good results 
where previous methods failed. 


Why Allis-Chalmers 


Allis-Chalmers enhances induction 
heating’s inherent speed with properly 
designed work handling equipment. An 
automatic timer and output controls, 
standard on Allis-Chalmers units, pro- 
mote precision operation. Extensive 
laboratory facilities, unparalleled ap- 
plication experience, factory supervised 
installation and service assure complete 
dependability. 

If you braze, solder, harden, anneal 
or heat for forging or melting, it will 
pay you to get all the facts on Allis- 
Chalmers induction heaters. See your 
nearby Allis-Chalmers representative or 
write Allis-Chalmers, Industrial Equip- 
ment Division, Milwaukee 1, Wis. 


Heart of Bridgeport’s integrated mill is a 50-kw Allis- 
Chalmers induction heater. Coil is interchangeable to 
accommodate various tube sizes. 


AC> ALLIS-CHALMERS 
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J&L Stainless Steel Division’s New Wire Mill 
Offers Wide Range of Wire Sizes 


The increasing use of stainless steel wire in new 
product development, old product improvement 
and for experimental purposes has placed a new 
responsibility on the manufacturer of quality 
stainless steel. 


To meet this growing need, J&L Stainless Steel 
Division is pleased to announce the opening of 


Wire now for your copy 
of J&a L's new Stainless 
Stee! Wire Manval 


\ 
its new wire mill... to make available stainless 
wire in a wide range of sizes, finishes and coatings. 


For data regarding wire, its properties and uses, 
consult our Stainless Steel Wire Manual. For spe- 
cial applications write in detail giving complete 
information aboét your requirements. 





iL BAR * WIRE * SHEET © STRIP 
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Jones & Laughlin Steel Corporation - STAINLESS STEEL DIVISION + Box 4606, Detroit 34 


° 








WHO FORGES THE TOUGH ONES? 
and dynamic balances them, too? 


To further National Forge’s reputation for producing precise 
forgings, we've installed one of the largest, most accurate 
dynamic balancing machines in use. Our American-Trebel 
has a 33,000-pound, 60-foot capacity. 


Pictured on the machine is a 42 ft. propeller shaft that has 
been forged, machined, and hollow bored—all operations 
done in our National Forge plant. NFO specialists are shown 
balancing this 15,500 Ib. shaft to within 730 ounce-inches 
in two planes. 


If you want one responsible source to produce and control 
the quality of your forgings . . . from melting and forging the 
steel through machining and dynamic balancing. . . call 
National Forge. Let us quote on your next job—and prove 
“who forges and dynamic balances the tough ones . . . best!” 


N NATIONAL 
L,FORGE © orci 


IRVINE, WARREN COUNTY, PA, 


For information on the “tough” ones and the machinery that makes them best, write for Bulletin NFO 2 
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Chrome-Moly Steels Prove Ability 
To Resist Wear and Abrasion, Cut Costs 





Can be Adapted to a 


Wide Range of Uses 


To offset rising equipment and main- 
tenance costs, the savings possible with 
wear-resistant alloy steels are receiving 
increasingly wide attention, in a grow- 
ing number of industries. 

Two types of “Chrome-Moly” steels 
show exceptional resistance to abrasion 
and wear under toughest conditions. 
Both have substantially cut liner costs 
and shutdown time in grinding mills. 
Both are suitable for a variety of other 
industrial applications because they 
combine wear resistance, favorable first 
cost, freedom from premature failure 
by breakage or spalling, resistance to 
flow in service, consistently uniform 
performance and adaptability to speci- 
fic designs. 

The two types are Pearlitic (250-450 
BHN) and Martensitic (450-700 BHN). 
Carbon and alloy contents and heat 
treatments of both types can be varied 
to suit specific applications. 


Note that the spiral wear pattern is clockwise, 
even though the mill's rotation is counter- 
clockwise. Type 2 Martensitic steel is used here. 


For an article on the use of Chrome- 
Moly steels, send for “How to Select 
Chrome-Moly Steels for Bail and Rod 
Mill Liners” by T. E. Norman, reprinted 
from Engineering and Mining Journal. 
Circle #1 on the coupon. 





New Use For Super-Strength Structural Steels 


Today, gasoline trailer tanks are built 
of super-strength structural steels for 
a good reason. The steels have high 
strength/weight ratios. This factor ena- 
bles builders to design tanks that carry 
greater payloads and still meet legal 
gross weight limits. And the extra 
capacity pays for the higher trailer cost 
in a few months! 


This use is only one of countless pos- 
sibilities for utilizing the steels’ mini- 
mum yield strengths of 55,000 to 150,000 
psi... and their many other desirable 
properties. For more information, in- 
cluding tradenames and compositions, 
ask for “Super-Strength Structural 
Steels.” Circle #2. 





Sums Up Moly’s 
Resistance to Corrosion 


A new paper, “Corrosion Resistance 
of Molybdenum and Molybdenum-Base 
Alloys,” based on published literature, 
summarizes moly’s resistance to a num- 
ber of corrosive media. It also lists the 
reference articles. For a copy of this 
paper, circle #6. 
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Molybdenum Improves 
Corrosion Resistance 
of Stainless Steels 


Translated excerpts from two French 
articles discussing how moly improves 
the corrosion resistance of austenitic 
and austenitic-ferritic stainless steels 
are now available. Circle #7. 


| 





Special Steels Solve 
Hydrogen Sulphide 
Problem 


Hydrogen sulphide in France’s Lacq 
natural gas field brought up a metal- 
lurgical problem: the need for tubing 
meeting the N-80 strength requirements 
but with better resistance to sulphide 
stress corrosion than the conventional 
N-80 grade. Two such steels have been 
developed. One contains chromium, alu- 
minum and molybdenum; the other 
contains chromium, molybdenum and 
vanadium. 

For articles discussing both steels, 
send for “A Special N-80 Steel Tubing 
...” by Cauchois, Didier and Herzog, 
reprinted from Corrosion, and “Com- 
ments on new French N-80 Steels” pub- 
lished by Climax. Circle #8. 


Vanadium in Low-Alloy, 
High-Temperature Steels 


Molybdenum is a must in low-alloy, 
high-temperature steels. However, 
recent tests at the U.S. Naval Research 
Laboratory point up the role of Vana- 
dium in such steels, and show the effect 
of variations in composition and treat- 
ment. Addition of Vanadium results in 
a better high-temperature alloy, but 
getting the improvement requires 
higher normalizing temperatures. 

The advantages and limitations are 
described in an Jron Age article, “Higher 
Vanadium Improves Hot Strength of 
Low Alloy Steel,” by Paul Shahinian 
and J. R. Lane. For reprints, circle +4. 


New Cleaner Removes 
Surface Oxides 
From Moly Metal 


A practical, low-temperature method 
of cleaning molybdenum has recently 
been developed. It is especially suitable 
for removing surface oxides prior to 
welding. The process involves two chem- 
ical baths: one at 150-180°F, the other 
at room temperature. Digested from 
“Ryan Devises Molybdenum Cleaner,” 
Ryan Aeronautical Company. For 
reprints, circle #5. 


Climax Molybdenum, Dept. 5 

500 Fifth Avenue, New York 36, N. Y. 
I'd like more information on 
1 2 3 4 5 6 7 


Name 
Company 
Address 
City 








Every bar is identified by its own particular heat 
symbol and color marking, to indicate type of alloy. 


With every shipment you receive a Certificate of 
Analysis and Hardenability— your complete rec- 
ord of the steel’s characteristics, and your guide 
to dependable heat treatment. 


Spark testing by skilled Ryerson inspectors protects against possibility of mixed steels. 


How Ryerson takes the risk 
out of your alloy steel 


Alloys from different heats can vary widely in hard- 
enability—and as a result, vary just as widely in 
mechanical properties. 

This puts a big question mark on how your steel 
will perform. Moreover, you may not know you have 
a problem until it’s too late. 

The big difference with Ryerson is—you know 
what to count on before you start. 
Ryerson alloy steel is protected by an 8-Point Quality 
Control Program—including identification by spe- 


| CertTirico 


eel 


Every bar of 


cific heat as well as by type; spark testing to avoid 
mixed steels; and complete hardenability tests in ac- 
cordance with A.S.T.M. specs. This enables us to 
send you a report on every shipment of alloy steel. . . 
a report telling you what your steel will do, and how 
to heat-treat to obtain desired properties. 

These are the plus benefits you get at no extra cost 
when you order alloy steel from Ryerson. Call your 
nearby Ryerson plant today. ...or ask your Ryerson 
representative to explain our certified plan. 


RYERSON STEEL 


Member of the <Q» Steet Family 


Principal products: Carbon, alloy and stainless steel —bars, structurals, plates, sheets, tubing—aluminum, industrial plastics, metalworking machinery, etc 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK * BOSTON + WALLINGFORD, CONN. * PHILA 


DETRO!IT « PITTSBURGH + 
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BUFFALO * INDIANAPOLIS « CHICAGO * MILWAUKEE « ST. LOUIS « LOS ANGELE 


ELPHIA « CHARLOTTE « CINCINNATI « 
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Heating With an 
Electron Beam 


Tue Atromic ENERGY COMMISSION has a 


Connecticut Aircraft Nuclear Engine Laboratory 


(dubbed CANEL) at Middletown some 15 miles 
south of Hartford and operated by Pratt & 
Whitney Aircraft as contractor. My visit coin- 
cided with a conference for faculty members 
of engineering colleges in New England and 
Eastern New York, wherein CANEL’S work in 
chemistry, instrumentation, corrosion, high-tem- 
perature materials and metals was considered. 
The object was to show the excellent equipment 
available and the challenging problems to be 
solved, hoping thereby to enlist the teachers’ help 
in recruiting young graduates. 

There are two main concepts of nuclear air- 
craft power plants. In simplest terms, one heats 
air by passing it through the atomic reactor and 
this hot air is the propellant, either giving direct 
thrust as in a jet or acting as a hot fluid to power 
a turbine. This “direct” approach is the main 
problem of the laboratory at Evandale, near 
Cincinnati, operated by General Electric Co. 
The other concept is to use some intermediate 
(liquid or gas) to transfer heat from the reactor 
core to an interchanger or some other power- 
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producing mechanism. This is the problem of 
the Connecticut Engine Laboratory; the installa- 
tion is fairly new and the staff since 1951 has 
been studying numerous and intricate problems 
on the new technological frontier, and has manu- 
factured and tested some small components 

In this, of course, they are working with very 
difficult materials. It seems a peculiar fact that 
the metals which have the best performance in 
reactors — strong at high temperatures, resistant 
to chemical action or alloying with the environ- 
ment, inert to intense radiation —are also the 
most susceptible during reduction and fabrica- 
tion to contamination by such common neigh- 
bors as refractories, oil, air. Ordinarily they are 
made by reducing a highly purified chemical 


compound to metal powder or sponge, compact- 
ing this into bars to be used as consumable elec- 
trodes to make small arc-melted ingots under a 
fairly good vacuum —even double-melting for 


better distribution of alloying elements. One 
difficulty is that the are becomes quite unstable 
as the vacuum gets really high. Another is that 
some contamination from the 
inescapable. 

The metallurgists at CANEL are therefore 
giving some attention to melting by a focused 
stream of electrons emitted by an incandescent 
tungsten coil —a scheme suggested by Temescal 


electrode is 
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Heat Exchangers 


Two Upper 
Engines 


Reactor Core 


Helium Tanks 


Arrangement of a Four- 
Engine Propulsion Plant 
Proposed by DeHavilland 
of Englund. The heat 
transfer medium is heli- 
um gas at 1000 psi. 
Heat exchangers deliver 
air at 1000°C. to tur- 
bines and exhaust thrust. 
Courtesy Nuclear Power 


Heat Exchanger 


Two Lower 


Engines 


Reactor Shield 
Assembly 


Metallurgical Corp. of Richmond, Calif. A 
really high vacuum, of the order of 0.1 micron, 
is necessary for the operation of such an “electron 
gun”, and this not only prevents contamination 
of the melt but also sucks out any gas or volatile 
impurity which may exist in the raw material. 
It also enables the metallurgist to hold the metal 
in a molten state as long as is desirable. The 
melt stock is bombarded with electrons, and 
molten metal drips into a water-cooled copper 
crucible below. A second gun may play on 
the melt to maintain a pool, and the crucible can 
be merely a ring with a retractable bottom so 
bars of considerable length may be cast semi- 
continuously. EET. 


Englishmen Underpaid ? 


The Institution of Metallurgists of Great Brit- 
ain has reported the results of its second “Salary 
Survey” in September 1956. The members are 
divided into three categories, Licentiates, Asso- 
ciates and Fellows. The Institution has 827 
members in the last-named category, and 50% 
of them returned the questionnaire. It is inter- 
esting to compare the median salaries for this 
senior group with the average salary at the same 
age of metallurgists in the American Society for 
Metals, as reported by Walter Morrison in Feb- 
ruary Metal Progress: 


AGE MEDIAN SALARY 

IN GREAT BRITAIN 
40 £2000 or $5600 
50 £2250 or $6300 
60 £2375 or $7000 


AVERAGE SALARY 
IN AMERICA 
$11,500 
$14,000 
$15,000 


The figures seem to show that the American 
gets about double the salary of his British coun- 
terpart. What this means in take-home pay less 
income tax and plus social services, is conjectural. 
Again, the real purchasing power of the money in 
the two countries may favor the frugal English- 
man. Likewise he and his wife get along with- 
out as many gaudy motorcars or electric dish- 
washers, but it is the Editor's observation that 
his gracious friends in England are leading full 
lives and are not too discontented. EET 


Theory Versus Practice 


A salty comment from that modern salt, 
Admiral H. G. Rickover, daddy of the Navy’s 
atomic submarine, may be quoted from his recent 
paper before the Society of Naval Architects and 
Marine Engineers: 

“To outward appearances, pressurized water 
reactor plants now under construction for naval 
use compare unfavorably with many of the 
nuclear propulsion plant proposals that are con- 
tinually being generated. Each new concept 
generally describes a plant with the following 
characteristics: (a) It is simple; (b) it is small; 
(c) it is cheap; (d) it is light; (e) it can be 
built very quickly; (f) very little development is 
required — it will use mostly ‘off-the-shelf com- 
ponents; and (g) the reactor plant is in the study 
phase — it is not being built now. 

“On the other hand, a real reactor plant can be 
distinguished by the following characteristics: 
(a) It is being built now; (b) it is behind 
schedule; (c) it is requiring an immense amount 
of development on apparently trivial items; (d) 
it takes a long-time to build because of the engi- 
neering problems; (e) it is large; (f) it is compli- 
cated; and (g) it is heavy.” 


METAL PROGRESS 





Standing on the Site of the New Administration Building, Looking West 
Toward Cleveland, Is “Metals Park”, the Home of A.S.M. of Tomorrow 


A.S.M.’s New Headquarters 


Aw IMPORTANT MILESTONE was passed in 
the history of the American Society for Metals 


when, early in April 1958, the blade of a bull- 
dozer was driven into the lush landscape at 


Metals Park to start the excavation for the new 
Access roads from Ohio 
State Highway 87, a quarter-mile to the north, 
had already been built, and we are assured that 
the 90 people on the Cleveland staff, now scat- 
tered in five different locations, will all be housed 
in the new headquarters building before the end 
of 1959 

It may be revealing to recount the events 
since the fall of 1953 when the Board of Trustees 
made the first appropriation for the building. 

Urban or Suburban — At the outset it was 
necessary to decide whether the new site 
should be urban, a problem studied by a 
“Policy and Site Committee” whose five mem- 
bers were @ trustees or past presidents. Advice 
from real estate men, architects, and city plan- 
ners was secured about the possibility of ex- 
panding our present real estate holdings at 73rd 
and Euclid in mid-town Cleveland, of modern- 
izing one of the available office buildings in 
downtown Cleveland, of buying some space 
at University Circle, Cleveland’s educational 
and artistic center, or of selecting some subur- 


home of the Society. 
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By WILLIAM H. EISENMAN* 


ban site. Decision by the Board of Trustees to 
go suburban was unanimous when it became 
apparent that a sufficient area of land to house 
the “A.S.M. of Tomorrow” in built-up areas 
would be impossibly expensive. 

Suburban, but where? 

A group of staff members was formed to study 
the possibilities. They worked closely with an 
advisory board consisting of Architect Benj. S. 
Hubbell, Jr.; Howard Whipple Green, chairman 
of Cleveland’s Real Property Survey and expert 
in population trends; Landscape Architect Wm. 
A. Strong; Proctor Noyes, chief of Cleveland's 
Regional Planning Commission; and Donald 
Dunlap of the real estate firm which negotiated 
right-of-way for the Ohio Turnpike. Nearly two 
dozen available sites were sufficiently examined 
to narrow the possibilities to eight. For each 
of these a preliminary layout showing anticipated 
buildings, roadways and services was made, and 
each site appraised as realistically as possible 
as to accessibility, transportation, present com- 
munity surroundings and anticipated future 
changes, taxation, zoning and other features. 

Of course no one site was outstandingly good 
in all respects. The Board of Trustees held two 
special meetings to inspect each area carefully 


*Secretary, American Society for Metals. 
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Architect Kelly Shows Sec- 
retary Eisenman a Wash 
Drawing of the New Admin- 
istration Building With Its 
Circular Piazza on Which Is 
Erected a Domed Space Lat- 
tice. The semicircular build- 
ing embraces a sunken garden 


“This Garden Environment 
is made up of four elements: 
400 ft. 
within which is 
erected (b) a Space Lattice, 
250 ft. in diameter and 103 ft. 
in height, (c) the Building 
proper, which acts as a vertical 
screen for the composition, and 
(d) a sunken Mineral Garden 
100 ft. in diameter in the center 
of the Garden Piazza. 

sanclead “The Garden Piazza is lo- 


(a) a Garden Piazza, 
in diameter, 














In the end, 
the Board was pleased to accept my gift of 100 


and evaluate the staff's appraisals. 


_a tract of beautiful 
rolling country, part wooded, part farmland, 10 
miles east of Shaker Heights’ transit terminal. 

Architecture — Next came the problem of 
architecture, of getting a building which would 
embody the wonderful world of metals, would 


upland acres of “Sunnimoor” 


express the soaring opportunities of metals engi- 
neers, would harmonize with the beautiful land- 
scape, and would serve functionally the head- 
quarters staff — all this within our comparatively 
modest budget accumulated by yearly appro- 
priations from earned surplus. About a year 
was spent in negotiations with architectural 
firms of national fame without securing a pre- 
liminary design which, in the opinion of the 
Board of Trustees, met the above requirements. 
Fortunately a young Cleveland architect, John 
Terrence Kelly, then appeared on the scene with 
fresh ideas, quite inadequately pictured in the 
engravings. Let me quote his own words: 

“The completely beautiful site and its tran- 
quility demanded architecture that would com- 
plement these qualities. Consequently, the de- 
sign for the A.S.M.’s headquarters building is a 
Garden Environment placed into the rolling land- 
scape which we hope will quietly become a part 
of the Ohio countryside. 
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in the rolling 
land so that the 
grass and planting close to the 
building will contrast with the 
long grass of the surrounding 
desire to define the Garden 
Environment vertically, and still permit one to 
see the trees and sky, led to the use of a Space 
Lattice — 


cated on a rise 


open lawn 


meadows. The 


a dome, or rather double dome, open 
to the sky. It will be constructed of 4-in. 
aluminum tubing in a hexagonal pattern. Its 
lower chord will be at a level to clear the build- 
ing roof and the entire dome will be supported 
by five triangular latticed pylons, 22 ft. high, 
rising from the Garden Piazza. (Two of them 
come down into courts of the building itself. ) 

“The Building is semicircular in plan, aligned 
with the Dome above. It consists of three levels 
and contains about 50,000 sq.ft. of office space. 
Its middle level is largely open court leading 
from outer promenade to Mineral Garden. The 
building will have a ‘sun shield’ of perforated 
copper sheet along its 400-ft. west face. This 
waistband of copper will contrast and highlight 
the beauty of the dome’s aluminum space lattice. 
While the general construction will be of con- 
crete slab and glass curtain walls, they will be 
mounted on exposed steel columns, thus further 
emphasizing metals in modern construction. 

“With the Mineral Garden we hope to express 
the raw minerals and ores found in nature, and 
with the dome or ‘space lattice’ to show what 
Man with Technology has accomplished with 
metals from these minerals.” 
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Architect's Sketch of Court in Lower Level With 
Stainless Steel Pyramids Supporting Aluminum 
Space Lattice. On the level at this region is the 
dining room; on middle level at left is a con- 
ference room, at right is the board room; on top 
level are offices for staff members. A copper lat- 
tice shields the glass walls from the western sun 


To me this new administration building is the 
culmination of 40 years of service to the Ameri- 
can Society for Metals. Yet it is truly only the 
first stage of the A.S.M. of Tomorrow. 
lined in my address to the Annual Meeting of 


As out- 


the Society in 1954, this involves five great steps 
to progress. The first three already have been 
approved and are now in motion: Erection of an 
adequate new Headquarters Building, creation 
of the Metals Engineering Institute, and creation 
of the @ Metallurgical Seminars. For the 
future are the @ Metal Research Institute, and 
the @ Metal Science University. 

In a way the dome, which to a metal scientist, 
suggests a space lattice, may represent the whole 
A.S.M. of Tomorrow, and the five pylons the 
five divisions on which the future structure will 
rest. I also like to think of the dome as repre- 
senting the metallurgical world in all its ramifica- 
tions and the five supports as symbolizing 

Education 
Research 
Engineering 
Production 
Management 
Not only do these five bases support the whole 
metals industry but the lacy structure shows 
how intimately all these are connected, how 
you can start at any point and get to any other 
by direct or by a devious route, how all are tied 


to each other, 
The Headquarters Building — This account 
can end with a brief description of the building 
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itself. 


at the pylon “well” and its clean pier of stainless 


One illustration shows the lower terrace 


steel which carries also a series of metal basins 
with water cascading to the pool in the court. 
The eye looks toward the central garden, and 
indicates well the airy appearance of the middle 
level of the headquarters building. 

This middle level also contains the entrance 
lobby and lounge, lying between the two courts 
enclosing the dome supports. Adjacent to the 
lobby will be coat rooms, a conference room, 
and an assembly room for 125 people. This 
latter is to be available for community and 
technical groups. In like manner, the library 
will be open to the public. 

Executive offices and a 22 « 30-ft. board room 
are to be located in the southern end of the 
semicircle, and look out on the garden piazza 
in one direction and on the rolling landscape of 
Metals Park in the other direction. 

Plans call also for a small nonsectarian chapel 
some 18 ft. square just off the lobby. It will be 
a spot for contemplation and prayer. In con- 
trast to the open characteristics of other rooms, 
the chapel will be fully enclosed; light enters 
only from above, thus creating a dimensional 
relationship with infinity. 

Another unusual room, 20 x 40 ft. in size, on 
the lower level will be the Albert Sauveur 
Memorial Room, containing exhibits of historic, 
educational and scientific interest to the metals 
industry and to the public. 

The top level will be given over completely 
to a series of offices, based on module spacing, 
for people of the Society's main operating de- 
partments. Here also will be temporarily housed 
the rapidly growing Metals Engineering Insti- 
tute, pending erection of a building of its own, 
probably the second structure to be erected in 


Metals Park, the A.S.M. of Tomorrow. Se 
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Atomized Powder Alloys 


of Aluminum 


By R. J. TOWNER* 


When molten aluminum alloys —for example 8% iron — are atomized, 
the fine powder can be compacted and extruded into metal parts 
with superior strength and structure stability at 400 to 800° F. 


(H10f, Q-general, 2-62; Al) 


Powner METALLURGY of aluminum has re- 
ceived considerable attention since 1948, when 
sintered aluminum powder (SAP) was an- 
nounced by its originator, Aluminium Industrie 
Aktiengesellschaft (AIAG). One of the earliest 
publications in America was by John P. Lyle, 
Jr., of Aluminum Research Laboratories, in 
Metal Progress for December 1952; he described 
work on aluminum powder metallurgical prod- 
ucts (since designated “APM” ). 

Both SAP and APM are made from aluminum 
flake powders containing 5 to 17% of Al,O; but 
no other alloying elements except those occur- 
ring as impurities. Their unique high-tempera- 
ture strength depends on the extremely fine dis- 
persion of insoluble oxide particles throughout 
the aluminum matrix. The work now to be de- 
scribed concerns parts fabricated during the 
past several years from atomized aluminum alloy 
powders, sometimes called pre-alloyed powders. 
They therefore differ essentially from SAP and 
APM since they contain intentionally added al- 
loying elements but only incidental amounts — 
around 0.5% — of oxide. The powder is made by 
“atomizing” or spraying liquid alloy into the 
atmosphere; the resulting powder is then com- 


* Physical Metallurgy Div., Alcoa Research Labora- 
tories, New Kensington, Pa. The author wishes to 
express his appreciation to Messrs. F. H. Stephens, W. 
D. Helmick, Jr. and A. D. Booz of the Albron Techni- 
cal Dept., New Kensington Works, for producing the 
powders. People in several divisions of the Alcoa Re- 
search Laboratories were involved in the fabricating 
and testing of alloys. It is a pleasure to acknowledge 
helpful discussions with Messrs. E. H. Dix, W. T. 
Ennor, W. L. Fink, G. F. Sager and J. P. Lyle, P In 
fact, many of the compositions were seleeted after 
consultation with Mr. Lyle. 
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pacted and the compacts extruded into the 
desired shapes. The compositions noted here 
are the subject of pending patent applications. 

Strengthening Mechanisms—The common 
methods of strengthening aluminum alloys are 
(a) cold working, (b) formation of a solid 
solution, and (c) dispersion hardening by a 
constituent that may be either soluble (as in 
age hardenable alloys) or relatively insoluble at 
elevated temperatures. Let us consider these 
briefly. 

1. High-temperature strength can seldom be 
increased effectively by cold working, because 
recovery and recrystallization occur when the 
alloys are heated even to moderate temperatures. 
Recrystallization, especially, can cause a marked 
decrease in strength and should be avoided. 

2. Solid solution strengthening alone is not 
very effective at elevated temperatures because 
the maximum strength that can be attained by 
this means is relatively low. 

3. As far as dispersion hardening is concerned, 
serious loss in strength occurs at high tempera- 
tures when the dispersed phase is soluble in the 
matrix. 

Thus, for elevated-temperature service, pro- 
ducing a dispersion of an insoluble constituent in 
the alloy is the most useful method for attaining 
high strength and good structural stability. The 
SAP and APM alloys are a good example of this, 
for the solubility of the oxide particles in alumi- 
num is negligible. 

A fine dispersion of relatively insoluble con- 
stituent in the aluminum matrix may also be 
obtained in products fabricated from atomized 
alloy powders. First and most important is the 
high rate of solidification during atomizing; this 
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Fig. 2— Electron Micrograph of Transverse Section 
of Aluminum Containing 7.6% Iron, Extruded to 
4-In. Diameter Rod. Remnants of the dendritic 
structure in the atomized powder particles are evi- 


dent. 20,000 * reduced one half in reproduction 


obtains the desired and extremely fine dendritic 
structure in the powder particles and, therefore, 
a fine distribution of constituent. In the atomiz- 
ing operation very small molten particles, ranging 
around 25 microns in diameter, are quenched 
in a surrounding atmosphere. Fabrication by 
compacting and extrusion breaks up this cast 
structure in the powder particles to some extent 
and further increases the fineness of dispersion. 
Furthermore, the constituent particles will be 
relatively insoluble in aluminum if the alloying 
elements have been chosen judiciously. Since 
this type of material has a built-in dispersion 
of relatively insoluble constituent, further heat 
treatment after fabrication is neither necessary 
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Fig. 1 — (Left) Atomized Aluminum Powder Con- 
taining 7.6% Iron. Keller's each; 1000 X; note 
typical particle size, shape and fine dendritic 
structure, poorly resolved at this magnification 
At right is electron micrograph at 20,000 * of 
unetched particle; collodion-carbon replica. Noté 


fine distribution of intermetallic compound 


nor advantageous. Also, a finer and more uni 
form dispersion may be obtained by atomizing 
an alloy than by mixing together separate pow- 
ders of aluminum and secondary constituent. 

Choice of Alloying Elements — When choosing 
the alloying elements for atomized powder for 
high-temperature parts, several factors should 
be considered. The structural stability of the 
alloy is important, as mentioned before, to retain 
the fine dispersion of alloy constituent at service 
temperatures. Thus, the dispersed phase should 
have low solid solubility in aluminum. Some 
additional benefit may be derived, however, by 
adding other elements capable of hardening by 
solid solution. A low diffusion rate of alloying 
elements in the dispersed phase is desirable, so 
that coarsening of the structure will be very 
slow. The tendency for smaller particles to 
dissolve and larger ones to grow is undesirable 
from the standpoint of structural stability. (Both 
solid solubility and diffusion rate of the chosen 
alloying elements may be decreased even further 
through their mutual interaction.) Lastly, a high 
solidus temperature is desirable because it raises 
the useful service range while, on the other 
hand, a low liquidus temperature is desirable 
for ease of atomizing. 


Several of the heavier elements, such as iron 


and chromium, meet some of the requirements 


listed above and, furthermore, when combined 
with aluminum they form intermetallic com- 
pounds of fairly low density. Thus, appreciable 


amounts of alloying elements may be added 
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Micro- 
graphs of Aluminum Con- 


3 — Electron 


Fig. 


Table I — Yield (1000 Psi.) at Room Temperature; 96-4 





Al-Fe 





taining 4% Iron, Extruded, 


Cold Rolled 90% and 
Heated 16 Hr. at 750° F. 


CoLp 


ExtrupDED INGOT EXTRUDED PowDER 





REDUCTION 
R-5 etch; oxide replicas, 


As CoLp ROLLED 


REHEATED* As Cotp RoLt_ep | REHEATED* 





15,000 X. Dark areas rep- 


resent FeAl, phase. Metal None 
at left originated as cast 1O% 
ingot; note complete recrys- 30 
tallization. Metal at right 50 
originated as atomized alloy 70 
powder; no recrystallization 90 


8.4 7.9 24.1(18%)' 22.7(17° 

15.6 6.4 30.7 23.8 

19.3 5.9 33.8 27.8 

20.7 6.6 32.3 (9%) 28.3 (10% 
21.3 6.5 34.9 29.0 

22.2 7.4 34.2 (3%) 28.8 (6% 





*Heated 16 hr. at 750° F. 


Numbers in pare 


without a prohibitive increase in the density of 
the final product. 

Structure — A photomicrograph at 1000 x of 
92.4-7.6 Al-Fe atomized powder particles is 
shown at left in Fig. 1. The typical size and 
shape are indicated, accompanied by the extreme- 
ly fine dendritic structure which is not resolved 
well even at 1000 diameters. An electron micro- 
graph reproduced at the right at 20,000 diameters 
shows the fine distribution of the FeAl, phase. 

Screen analyses indicated that roughly 75% 
by weight of each powder we used would pass 
through a 200-mesh screen and 50% through a 
325-mesh. The average particle diameter was 
about 25 microns. 

The cast structure of the powder particles was 
broken up somewhat by compacting and ex- 
truding. The resulting microstructure was 
extremely fine. An electron micro (Fig. 2) 
taken at 20,000 diameters of a transverse 
section of a %-in. round of the 7.6% Fe 


ntheses indicate % elongation in 2 in. 





to surface, is about 0.6 micron. (These values 
may be compared with those for the oxidized 
aluminum flake products frequently containing 
5 to 17% oxide dispersed throughout the matrix, 
wherein the average particle size of the dis- 
persed oxide phase may be as much as one 
order of magnitude less, but the average distance 
between particles is of the same order of magni- 
tude in both types.) 

After heating the 92.4-7.6 Al-Fe material 
100 hr. at 800° F., the FeAl; particles agglomer- 
ate slightly, and their average size is increased to 
about 0.15 and the distance between 
particles to 0.9 micron. 

Figure 3 compares the structure of a 96-4 
Al-Fe alloy fabricated from tilt mold ingot and 
from powder. The ingot and the powder com- 
pact were first extruded into % < 2-in. strip, cold 


micron 


Table II — Yield Strength as Affected by Recrystallization 





alloy shows only remnants of the dendritic 
structure from the powder particles. The 





average particle size of the dispersed FeAl, 
phase is approximately 0.1 micron, and the 


0.2% Fe | 1.7% Fe | 4.0% Ft 
Cold rolled 90% 25,800 28,700 34,200 
Heated | hr. at 1000° F. 7,400 9,200 20,400 
Recrystallization Complete | Complete | None 





average distance between particles, surface 
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Table III — Mechanical and Physical Properties of Extruded Rod 
| 


ef 





ELEMENTS ADDED TO ATOMIZED ALUMINUM ComMPARISON ALLOYS 
— 





Fe-Ni | Fe | Courts Fe-Cr | Fe-Cr-V | M257 | X2219-T¢ 





Composition 
Iron 
Chromium 0.2 
Nickel 
Vanadium 0.2 
Titanium 0.: 
Zirconium 0. 
As extruded (70° F. 
Tensile 68,700 45,500 48,300 56,800 $3,800 37,000 62,000 
Yield 60500 31,400 34,100 | 44,300 31,400 24,000 43,000 
Elongation* 8 16 15 1.0 14 17 
At 600° F. (100 hr.) 
Tensile | 20,900 21,900 24,300 | 27,100 20,500 17,000 20,000 
Yield | 14,500 17,800 20,800 20,300 16,700 15,000 15,000 
Elongation* 15 19 16 } 18 13 25 
At 600° F. (1000 hr.) 
Tensile 20,700 21,900 | 23,600 26,700 20.800 | 17,000 18,000 
Yield 14,800 17,700 19,700 21,000 17,400 15,000 14,000 
Elongation*® ll 19 19 3.2 17 13 27 
At 800° F. (30 min.) 
ensile | 7,000 10,900 13,400 11,800 10,700 12,000 | +,000 
Yield 4,400 8,200 10,800 8,400 8,400 | 11,000 
Elongation* 31 29 20 ll 28 - 
At 800° F. (100 hr.) 
Tensile | 7,200 | 10,100 14,000 12,000 11,300 12,000 
Yield | 4,900 7.800 10,800 | 7,400 8,700 11,000 3,500 
Elongation 3 28 23 i) 18 5 65 
Stress for rupture at 600° F. 
10 hr 14,000 | 18,000 13,000 | 13,000 13,000 12,00 
100 hr 12,000 16,000 11,000 | 11,000 11,500 9,000 
1000 hr. | 10,000 13,000 | 9,000 9,500 | 10,000 6.500 
Creep stress for | 
1% in 100 hr. at 600° F. 10,000 | 13,000 9,000 9,500 11,000 | 7,500 
0.5% in 10 hr. at 600° F. , 10,000 14,000 9,500 10,000 12,000 9,000 
0.2% in | hr. at 600° F. — 9,000 13,000 9,000 11,000 10,000 
Modulus of Elasticity | 
At 70° F. 12.8 10° | 11.410 | 11.710® | 12.510* | 11.8x10* | 10.610* | 10.5 10° 
At 600° F. | — 82 | 88 
At 800° F. 7 


16 


) bo 


~- 5.7 6.4 ' Da 6.6 
Density at 20° C. 2.95 288 | 289 | 2.74 
Electrical conduetivity t 31% 42% 26% | <2! ‘ 51% 
Thermal conductivity t |. Om +} 0.39 0.26 | 25 | h ~ 0.46 





* in 4 diameters tAt 25° C. tAt 25° C., C.G.S. units. 


rolled 90% to 0.025 in. in the extrusion direction _ in the ingot material than in the powder material, 
and then heated 16 hr. at 750°F. The heating although both samples have been cold worked 
completely recrystallized the ingot material (Fig. severely. X-ray diffraction results indicated that 
3 at left), but caused only partial recovery in this heating caused recrystallization in the strip 
the powder material. Both figures show the made from ingot but only partial recovery in the 
network of lines in the aluminum matrix brought _ strip made from powder. 

out by Ge R-5 rerre polishing paiement, 88 Work Har dening, Recovery and Recrystellization 
previously described by Hunter and Robinson, ? : 

in Transactions of the A.I.M.E., Vol. 197, After the atomized alloy powder and the tilt 
1953, p. 717. It is evident that the FeAl; particles mold ingot, both with 4% iron, were extruded 
represented by the dark areas are much coarser into strip and cold rolled various amounts, tensile 
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tests at room temperature in the longitudinal 
direction appraised the work hardening and 
annealing characteristics. The much finer dis- 
persion of FeAl, phase is responsible for a higher 
tensile strength in the powder material. Table I 
shows that the yield strength of the powder 
material is also much higher both in the as-rolled 
condition and after heating 16 hr. at 750° F. 

Similar data on work hardening ( yield strength 
at 0.2% offset versus percentage of reduction) for 
atomized powders containing various amounts 
of iron indicate that all of them reach maximum 
strength after about 50% cold rolling, at which 
time their yield strengths are as follows: 0.2% 
Fe, 21,100 psi.; 1.7% Fe, 30,000 psi.; 4% Fe, 32,300 
psi.; 7.6% Fe, 44,000 psi.; 12.8% Fe, 45,000 psi. 
It is interesting to note that the 12.8% Fe alloy 
extruded strip was able to stand a cold reduction 
of 50% without severe edge cracking. 

Recrystallization did not occur in any of these 
powder alloys after cold rolling and heating at 
750° F. for 16 hr., even though the iron content 
was as low as 1.7% in one instance. The amount 
of recovery which occurs during heating de- 
creases as the iron content is raised. Heating 
caused practically no change in the tensile prop- 
erties of the 12.8% Fe alloy; as cold rolled 50% 
its tensile strength was 55,400 psi., yield 43,500 
and elongation in 4% 2 in. After being heated 
16 hr. at 750°F., the respective figures are 
52,000, 42,900 and 6%. 

Strip made from powder with various iron con- 
tents was cold rolled 90% and then heated at 
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Fig. 4 — High-Temperature Properties of Ex- 
truded Rods of Four Promising Atomized 
Alloy Powders. Also shown are M 257 and 
M 276 (8 and 13% Al,O3 respectively) and 
the experimental alloy from ingot X 2219-T 6 


1000° F. for 1 hr. As shown in Table II, this 
completely recrystallized the material containing 
small amounts of iron (0.2% and 1.7%), while the 
4.0% alloy showed no evidence of recrystalliza- 
tion. Recrystallization reduced the yield strength 
by about 70% in both the low-iron alloys; the 40% 
reduction in yield strength in the unrecrystallized 
4.0% alloy resulted from recov ery and, to a small 
extent, from coarsening the alloy constituent. 
Cold rolling the strip even 30%, instead of 90%, 
was sufficient to cause complete recrystallization 
at 1000° F. with iron contents of 0.2% and 1.7%. 
It thus appears that the iron content should be 
kept above about 2.5% when the powder product 
is to be used at elevated temperatures. 

The investigation was extended to study the 
behavior of the 96-4 Al-Fe composition at higher 
temperatures. For this purpose, strip that had 
been previously cold rolled 90% was heated at 
1100° F. It did not recrystallize during the first 


hour, but did show evidence of partial recrystal- 


lization after 100 hr. The % X 2-in. extruded 
strip of other atomized powder alloys containing 
substantial amounts of alloying elements, such 
as 6.9% Cr, and 4.5% Fe plus 1.1% Co, was cold 
rolled 90% and heated 1 hr. at 1100° F., without 
recrystallization. 

From these results, it appears that the atomized 
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powder alloys containing large amounts of iron 
or chromium resist recrystallization even after 
cold reductions of 90% followed by heating at 
temperatures close to the melting temperature. 
Thus, the atomized powder alloys of high alloy 
content can be expected to remain strong at 
elevated temperatures. 

Preferred Orientation — From a study of the 
(111) pole figures it was concluded that the 
degree of preferred orientation in 90% cold rolled 
strip of extruded aluminum powders containing 
1.7, 4.0, and 7.6% iron would decrease markedly 
as the iron content increased. 

In general, it can be said that both the Al- 
Al,O, type and the atomized alloy powder 
product tend to take on a preferred orientation of 
crystallites during mechanical working. In both 
varieties the degree of preferred orientation de- 
creases as the number of finely dispersed hard 
particles increases and the distance between 
them decreases. These data on preferred orien- 
tation, as well as on tensile properties, indicate 
how effectively the dispersed particles interfere 
with slip in aluminum. 

Particle Size — Decreasing the size of the atom- 
ized powder particles measurably increases the 
tensile and yield strength of extrusions made 
from them. The reason for this is that the 
dendrite size decreases with decreasing powder 
particle size because of the greater rates of cool- 
ing and solidification. A finer dispersion of hard 
phase in the aluminum matrix is obtained, there- 
fore, after compacting and extrusion. 
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Mechanical Properties 


Tensile properties at 70, 600, and 800° F. 
are given in Table III for a few representative 
atomized powder alloys (out of many composi- 
tions tested) when extruded into 0.75-in. rounds, 
together with properties of APM alloy M 257 
(8% Al,O,) fabricated from unalloyed flake 
powders of high oxide content, and X 2219-T 6 
(6.0% Cu, 0.3% Mn, 0.10% V, 0.15% Zr) fabricated 
in the conventional manner from cast ingot. The 
alloy with 4.5% Fe and 7.0% Ni had the highest 
strength at room temperature (68,700 psi. in 
tension). Those having the best tensile proper- 
ties at 600 and 800° F. were the iron alloys (7.6%, 
10.0% and 12.8%), the complex alloy with 7.8% 
Fe and 0.2% each of Cr, Ti, V, Zr (M 486), the 
5.5% Fe plus 5.0% Cr alloy and the quaternary 
alloy of aluminum with 2.5% Fe, 0.4% Cr, and 
3.4% V. The tensile strengths of these alloys at 
600° F. were all 20,000 psi. or better and over 
10,000 psi. at 800° F. Tensile data from high- 
temperature tests after 0.5, 100, and 1000 hr. at 
600° F., and 0.5 and 100 hr. at 800° F. show little 
change with time at temperature, indicating that 
the alloys have good structural stability. 

Strength and elongation at 600° F. of the com- 
plex alloy M 486 are better than the extruded 
flake product M 257; M 486 is stronger than alloy 


X 2219-T6 made from ingot at 600 but has 


somewhat less elongation. M 257 has better 
strength but much lower elongation than any of 
the atomized aluminum alloys at 800° F. 

Tensile properties are plotted against test 
temperature (100-hr. stay) for extruded rod of 
four promising atomized powder alloys in Fig. 4. 
Also included are results for APM alloys M 257 
and M 276, and X 2219-T 6 fabricated from cast 


Fig. 5 — Room-Temperature Yield Strength 
of Rod Extruded From Different Powders 
Plotted Against Volume of Dispersed Phase 





Fig. 6 —Cantilever-Beam 
Fatigue Test Results at 
600° F. for Extruded Rods 


ingot. From about 400 to 
700° F., three of the plots 
for strength of the new 
alloys are above those for 
M 257, M 276 and X 22)9- 
T6. Of these three the 
complex alloy M 486 has 
the highest elongation — 
23% at 800° F. It should 
be noted that even the re- 
maining atomized powder 
alloy containing 7.6% Fe 
has higher strength and ductility in this tempera- 
ture range than M 257 with 8% oxide. Probably 
the most useful combination of strength and 
ductility, though, is possessed by M 486 alloy, 
which has good strength all the way up to 800° F. 

The atomized powder product enjoys an ad- 
vantage over the SAP and APM type, represented 
by M 257 and M 276, since its ductility does not 
decrease with temperature. In fact, the elonga- 
tion of the new alloys actually increases with 
temperature —as is normally true for conven- 
tional aluminum alloys. Added ductility is 
beneficial in meeting service specifications and in 
hot working operations. 

Yield strength at room temperature is plotted 
against per cent by volume of dispersed phase 
for aluminum-iron and other alloys in Fig. 5. 
The yield strengths of the atomized powder 
binary alloys containing manganese, tungsten, 
molybdenumi, and chromium all fall below the 
curve for the aluminum-iron binary alloys whose 
hardening phase is FeAl;. The phenomenon is 
now under study but it is suggested that it is 
due to a finer dispersion of FeAl; particles (closer 
together and of greater number but smaller size ). 
It is interesting to note that the oxide type of 
powder alloy, M 276 (13% Al,O;) has a yield 
strength above the curve for the iron hardened 
products, while that of M 257 (8% Al.O;) is be- 
low the curve. When tensile properties of 
aluminum-iron alloys at 600° F. (after 100 hr.) 
are plotted against the per cent by volume of 
FeAl;, the dispersed phase, the marked increase 
in strength with increasing amount of FeAl, is 
due to the increased number, rather than size, of 
dispersed particles, 

Stress-rupture data at 600°F. are also pre- 
sented for four of the atomized powder alloys in 
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Table III. The complex alloy M 486 has the 
highest values, and they are above those for the 
comparison alloys M 257 and X 2219-T 6. Values 
for total creep at 600° F. show that M 486 again 
is the best of the atomized powder alloys, and is 
better than M 257. 

Cantilever-beam fatigue tests at 600° F. for 
smooth specimens are plotted in Fig. 6 for four 
atomized powder alloys and the points are equal 
to, or above, even those for M 276. 

The large amounts of iron and chromium are 
beneficial in another important respect, for they 
produce a high modulus of elasticity in the alloy, 
as compared with 9,900,000 psi. for wrought 
commercially pure aluminum. 

Densities and electrical and thermal conduc- 
tivities of the atomized powder alloys are also 
given at the bottom of Table III. It may be 
noted that appreciable amounts of heavy ele- 
ments were added without a prohibitive increase 
in density over commercial purity aluminum 
(2.71 g. per ce.). This is attributed to the 
presence of the alloys as intermetallic compounds 
of much lower density than the eiemental metals. 


Conclusions 


1. The mechanism of dispersion hardening 
may well be used to strengthen aluminum alloys 
by atomizing, compacting, and extruding powders 
containing relatively large amounts of iron and 


other alloying elements. Fabricating products 
from powder compacts, rather than from cast 
ingots, is a more practical method with certain 
alloy systems because, no matter what the size 
of compact, a fine uniform dispersion of alloying 
elements and small dendrite size will be ob- 
tained. When the alloying elements are rela- 
(Continued on p. 176) 
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Underground Atomic Explosions’ 


A nuclear device equivalent to 1700 tons TNT 
was detonated deep underground in a mesa or 
butte at the Nevada Test Site on Thursday morn- 
ing, Sept. 19, 1957. Observers at a forward area 
about 2% miles away saw a ripple on the side 
of the mesa as the shockwave moved upward. 
A few felt a slight movement in the earth under 
their feet, but most felt nothing. Clearly visible 
were spurts of dust rising from the hillside where 
rock was being dislodged from the mesa crown. 
No radioactivity was released into the air. 

It was suggested some years ago that under- 
ground testing of nuclear devices would have 


certain important 


advantages over bursts in 


open air. Among these were total absence of 
fallout, absence of blast and flash effects off-site, 
and no interruption to air traffic. Proper instru- 
mentation of new types would be necessary, 
for when a nuclear device is detonated in air, 
photographic and other measurements can be 
made of the growth of the fireball, and samples 
of the fission products can be readily captured 
for radiochemical analysis. 

Scientists from the U.S. Geological Survey 
recommended the site and supervised two pre- 
liminary underground shots, one of 10 tons and 
the other of 50 tons TNT, and scaled up the 
results to locate, properly, the 1700-ton explosion. 
An advisory panel of seismologists and geo- 
physicists reported that the shock would not 
“trigger” an earthquake nor cause any off-site 
property damage — likewise that the possibility 
of ground water contamination was very remote. 

A 6 x 8-ft. tunnel was driven 1900 ft. into the 
mesa, ending in a “button hook”. The small 
chamber for the device was therefore located 
so the nearby tunnel end would be closed by 
blast effects before any energy manifestations 
could travel around the 
through the entry. 

Subsequent exploration showed that 200 ft. 
of the tunnel was sealed by rock. This region 
centering on the explosion was explored by core 
drilling with equipment designed for remote 
operation against the possibility of penetrating 
a high-pressure region — which, in fact 
occur. 


“hook” and escape 


, did not 
Horizontal drilling from within the open 
tunnel was aimed directly at the point of detona- 
tion, and about 100 days after the detonation 
encountered zones of relatively high radiation 
100 ft. away. The normal rock temperature 
was 63° F., and 60 ft. from ground zero a rock 
temperature of 113° F. was encountered. Subse- 


quent drilling to points below the point of 
detonation revealed temperatures as high as 
190° F. A maximum radiation reading of about 
45 roentgens per hr. was recorded at about 50 
ft. below ground zero. 

From such observations as these, it was con- 
cluded that the detonation had created a spheri- 
cal cavity and that for a very brief time the rock 
around its circumference had melted so that in 
effect a “glass ball” about 110 ft. in diameter 
existed. The weight of the shattered rock above 
this glass ball quickly crushed the sphere and 
rock fragments filled the « 


cav ity. 
rock created a 


The falling 
cavity which was encountered 
in vertical drilling operations 385 ft. above the 
detenation. 

General Conclusions — The special instruments 
located in and around the shot chamber operated 
successfully. A nuclear detonation not only can 
be contained deep underground, but diagnostic 
and other necessary measurements 


tained successfully. 


can be ob- 
In fact, certain experiments 
which require good collimation and massive 
shielding can best be accomplished underground. 
Shots with much larger yield could be fired in a 
deep underground chamber with little or no 
resulting air contamination and with no seismic 
hazard. Practically all of the fission products 
were trapped it 1 highly insoluble fused rock so 
ground water is not contaminated. 

Peacetime Applications— The underground 
shot produced at least 50,000 tons of permeable 
broken rock and an additional 400,000 tons of 
crushed but relatively impermeable rock. These 
large masses suggest its use in mining to break 
up ore bodies for removal or for leaching in 
place, and in oil strata to free crude oil trapped 
in relatively nonporous rock formations, or to 
heat heavy hydrocarbons so they drain awav as 
liquid. 

Other possibilities include piping water into 
a rock formation heated by a contained nuclear 


detonation to form steam for producing power 
or process uses; placing various materials around 
a device to be detonated deep underground to 
change them through nuclear reaction; to inves- 
tigate the earth’s crust through seismic studies of 
resulting earth waves; and moving earth in quan- 
tity, such as in digging a large canal. 


*From information released by U.S. Atomic 


Energy Commission, March 6, 1958, entitled “Back- 
ground Information on the Deep Underground Shot 
(Rainier) at the Nevada Test Site”. 




















Coming: 
Better | 
Thermenol 


Alloys 


By W. J. BUEHLER 
and C. G. DALRYMPLE* 


Aumixum has a number of varied and 
valuable effects when added to iron and its alloys. 
In very small amounts — 0.002 to 0.004% — it is 
the universal deoxidizer for fine-grained killed 
steels. Certain steels with 1 to 2% Al comprise 
some of the Nitralloys — alloys designed specifi- 
cally for nitriding. In larger amounts — here we 
quotet — “aluminum improves the resistance to 
oxidation more effectively than equivalent 
amounts of chromium. It also increases high- 
temperature strength and decreases the density of 
such alloys.” This combination of properties 
indicates that iron-aluminum alloys might be 
useful for some high-temperature applications — 
compressor blades and missile skins are two 
examples. In 1952, the Naval Ordnance Labora- 
tory launched an investigation which resulted in 
the Thermenol alloys. With 10 to 18% Al and 2 
to 4% Mo in an iron base, these alloys have 
several interesting properties: 


*United States Naval Ordnance Laboratory, Silver 
Spring, Md. 


t“Fe-Al-Mo Alloys for High-Temperature Use,” 
by J. F. Nachman and W. J. Buehler, Metal Progress, 
December 1956, p. 107. 
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Iron-aluminum alloys with 3 to 4% Mo 
have excellent oxidation resistance 
and stress-rupture strength. 

With small additions of zirconium 

and carbon to raise 

the mechanical properties and inhibit 
the grain growth, the alloys 

are useful for many high-temperature 
applications. 

(Q-general, P-general; SGA-h, Fe, Al) 


1. Favorable density due to high aluminum 
contents, 

2. Excellent 
resistance. 


elevated-temperature oxidation 
3. Good stress-rupture and tensile strength 
at elevated temperatures. 
4. Corrosion 
media. 


resistance to many corroding 

5. Soft magnetic characteristics 
certain nickel-base alloys. 

6. High electrical resistivity. 

These characteristics, together with the fact 
that the alloys require no critical or strategic 
elements, means a promising future for the Ther- 
menols. Two preferred types were developed: 
a standard composition with 16% Al and 3.3% 
Mo, and a modified composition with a similar 
base plus minor additions of zirconium and 
carbon. 


similar to 


Preparation of Standard Thermenol 


Since much information has already been 
published on the Thermenol alloys, this article 
will scan only the more recent advances. (Read- 
ers desiring a detailed account of past work will 
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Fig. 1 —Stress-Rupture 
Curves for Standard Ther- 
menol and a Typical Stain- 
less Steel. The testing was 
performed at 1200° F. (Cour- 
tesy Thompson Products, Inc.) 


find some references at the end of this article.) 

We have discovered that these alloys are best 
melted by induction in a vacuum or a controlled 
atmosphere. In controlled-atmosphere melting, 
hydrogen is used to purify the iron. After this 
operation, helium replaces hydrogen, and _ the 
melt is poured. In vacuum melting, carbon is 
added to purify the iron. However, when the 
alloys are for magnetic application, hydrogen 
purification is preferred; residual carbon is 
detrimental to the magnetic properties. 

Finished cast shapes of various types, as well 
as ingots for further processing, have been satis- 
factorily produced by standard casting tech- 
niques. The cast grain size and shape vary with 
the rate of solidification and the addition of 
grain-refining elements such as boron and misch- 
metal. 

The castings can be surfaced in a variety of 
ways: Alloys with less than 12% Al machine 
adequately. With alloys containing more alu- 
minum, grinding (using a copious supply of 
coolant) is required because of the rapid work 
hardening. The ingots can be forged, swaged, 
rolled, and extruded readi- 
ly above 1750° F.; the lack 
of scaling at high tempera- 


when the aluminum content is less than 12%. 

Table I gives some of the physical and me- 
chanical properties for standard Thermenol alloy. 
The alloy also possesses quite remarkable oxida- 
tion resistance at elevated temperatures. At 
2200° F. the surface loss is only 0.0003 in. per yr.; 
this is better than the oxidation rate of any other 
known high-temperature alloy system. Figure 1 
shows the stress-rupture curves for Thermenol 
and Type 403 at 1200°F. As is evident, Ther- 
menol is considerably better, particularly up to 
100 hr. where the stress is 25,000 psi. in compari- 
son to 9500 psi. for stainless steel. 


Development Program 


Despite the many advantages, the standard 
Thermenol possessed two drawbacks which 
caused many fabrication difficulties and greatly 
limited its usefulness. Being a_ single-phase 
alloy, the grain growth was very rapid at elevated 
temperatures (Fig. 2.). Since the alloy also had 
low ductility at room temperature, it was obvious 
that some improvements were in order. 


Under the U.S. Navy Bureau of Aeronautics 


Table I — Some Properties of Standard Thermenol 





tures aids these operations 
appreciably. Patented* 
methods for warm drawing 
and rolling (1020 to 1110° 
F.) produce a more ductile 
wire and sheet. Cold form- 
ing, necessary for magnetic 
applications, is possible; 
best results are obtained 


Density 


Lattice type 
Tensile strength 
Elongation 


Rockwell hardness 
*U.S. Patent 2,768,915. 


Thermal conductivity 
Coefficient of thermal expansion (68 to 1300° F.) 11.0 & 10° in./in./°F. 
Recrystallization temperature 

Electrical resistivity (room temperature), ordered 
Electrical resistivity, disordered 


Modulus of elasticity 


6.58 g. per cc. 
6.3 Btu. /sq. ft. /hr. /°F./ft. 


1380° F. 

150 microhm-cm. 
170 microhm-cm. 
b.c.c. 

80,000 psi. 

2 0 3% 

26 X 10° psi 
C-30 
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sponsorship, the campaign began with the con- 
sideration of four metallurgical factors and their 
effects on the resultant alloys. These were: 

1. Effect of minor alloying additions on the 
base alloy. 

2. Effect of order-disorder variations on me- 
chanical properties. 

3. Effect of various heat treatments on me- 
chanical properties. 

4. Directionality of mechanical properties. 

The minor additions studied were those that 
could “clean up” the alloy and concurrently in- 
hibit the grain growth. Considerable investiga- 
tion proved that small quantities of carbon and 
zirconium, when added together in amounts 
which varied from 0.05 to 0.10% and from 0.2 
to 0.4%, respectively, produced startling results. 


Table Il — Tensile Properties of Modified Thermenol* 


Fig. 2— Grain Growth in Standard Ther- 
menol (Above) and Modified Thermenol. 
From left to right, the specimens were 
heated to 1300, 1650 and 2000° F. 


The alteration in grain growth characteristics is 
illustrated by Fig. 2. 

Since these alloys exhibit ordering, order- 
disorder studies were performed to determine 
the effect of this transition upon the mechanical 
properties. With electrical resistivity measure- 
ments being used to determine the degree of 
ordering, sheet tensile specimens were heat 
treated to produce atomic orderings varying from 
0 to 100%. Complete disorder was effected by 
heating the specimen above the ordering range 
(1157° F.) and quenching in water to room 
temperature. Cooling very slowly from above 
1157° F. to room temperature 
resulted in 100% order. The 





| WaRM 


Heat TREATMENTT 
| REDUCTION 


SPECIMEN 


ELONG- 
ATION 


variation in electrical resistivity 
due to atomic ordering is given 
in Table I. Tensile test results 


TENSILE 
STRENGTH 





89% 1337° F.,1 
89 1337 l 9.0 
84 1337 l 10.5 
84 1472 \%4 9.0 
89 1337 7.0 
t 60 1337 . 9.0 
7§ 60 1337 | 8.0 


J 


) 


—o~ 


hr. | 40% 


showed that specimens almost 
wholly disordered exhibited the 
best elongations. 

Heat treatments of cold work- 
ed sheet cause variations in the 
degree of ordering and recrys- 


| 107,700 psi. 

| 117,800 
129,000 
126,000 
128,700 
121,800 

115,500 





*Specimens | through 4 contained 0.2% Zr and 0.05% C; specimens 


, 6 and 7 contained 0.4% Zr and 0.1% C. 


tSpecimen | was cooled in the furnace; the rest were oil quenched. 


tOrientation parallel to rolling. 
§Orientation transverse to rolling. 


80 


tallization (depending on the 
temperature ). By proper heat 
treatment (keeping these two 
considerations in mind), the 
best over-all mechanical prop- 
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Fig. 3—Jet Engine Com- 
pressor Blades Produced 
From Thermenol. (Courtesy 
Thompson Products, Inc.) 


erties were obtained from a structure with a 
minimum recrystallized grain size and a dis- 
ordered condition. Minor variations in the car- 
bon and zirconium and the maximum heat treat- 
ing temperature (providing it is not too high) 
have almost negligible effect upon the mechanical 
properties. Table II illustrates these effects; it is 
also apparent from these data that little if any 
mechanical anisotropy exists. 

The minor change in alloy composition and 
the carefully contrived heat treatment have 
resulted in a more versatile Thermenol. With 
its higher ductility, higher tensile strength and 
lower ductile-to-brittle transition temperature, 
the sheet will be easier to fabricate into usable 


products. The effect of zirconium and carbon 


in stabilizing the grain size at elevated tempera- 


tures should aid in maintaining a finer grain 
size in the heat-affected zones of a weld. 


Future of Iron-Aluminum Base Alloys 


The iron-aluminum base materials have had 
their ups-and-downs since the turn of the cen- 
tury. Alloy development research was greatly 
hampered by the inability to produce high- 
purity materials and suitably process these into 
usable forms. In the present era with the avail- 
ability of good quality melting stock, high- 
purity melting (on a commercial scale), warm 
rolling, and hot extrusion techniques, many of 
the past deterrents have been eliminated. 

The transition of these alloys from a laboratory 
curiosity to commercial production is a major 
step that is just now being initiated. Engineer- 
ing problems will undoubtedly arise, but when 
the rewards are sufficient, almost any difficulty 
can be overcome. We offer the successful pilot 
plant production of jet engine compressor blades 
shown in Fig. 
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A Look at 
High-Frequency 


Resistance 


Welding 


By WALLACE C, RUDD* 


Hicu-rrequency electrical energy for seam 
welding of tubes and strip is a new adaptation 
of the old idea of causing current to flow across 
a metallic joint, to heat it to the melting point 
and join the surfaces together. In the newer 
technique, the current reverses at a very much 
higher rate — 450,000 cycles per sec. compared 
to line frequency of 60 cycles. It does not follow 
a direct low-resistance path between two con- 
tacts; rather, it follows a very long path, the low 
inductance path. This is shown schematically in 
Fig. 1 where the return conductor is located 
close to the path of the current. The current 
inherently flows next to itself; that is, it flows 
in a path as close to the return conductor as 
possible. 

By following this circuitous path, the heating 
rate on either side of the weld joint can be 
varied independently (an asset when joining dis- 
similar metals). Also, the shallow depth of the 


* Vice-President, New Rochelle Tool Corp., New 
Rochelle, N.Y. 
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In addition to welding 

the old stand-bys, steel, 

aluminum, and copper, it is claimed 
that the high-frequency process 

will join dissimilar metals, 

reactive metals, and thin-walled stock 
better and faster than ever. 

The welding current penetrates 
scale and oxide layers. (K3) 


inductance path produces high-intensity heating 
in shallow zones, and results in a minimum of 
heat-affected metal. Oxide 
longer a barrier to welding. 

The New Rochelle Technique — The patented 
method developed by New Rochelle Tool Corp. 
is based on these high-frequency resistance heat- 
ing principles. Contacts are placed on either 
side of two abutting edges of metal. The edges 
touch at one end and the rest of the joint is 
opened slightly so the gap forms a sharp Vee 
(Fig. 2). The current flowing from one con- 
tact hugs the surface of one edge of the Vee as 
far as the root (the weld point) and completes 
the circuit by returning along the opposite edge 
of the Vee to the second contact. This skin 
effect produces localized high-intensity heating 
so the edges at the root of the Vee reach welding 
temperature at the same rate as the strip pro- 
gresses through the welding machine. Pressure 
applied at the root of the Vee brings the two 
edges together in a forge weld. 


coatings are no 
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This is a perfect example of high-frequency 
resistance heating. Each side of the Vee acts 
as a return conductor for the other, since the 
tendency of the current (flowing in the lowest 
inductance path) is to flow on the two surfaces 
of the material next to each other. These are 
the two surfaces being welded. 

The abutting edges of metal establish a sliding 
or rolling electrical connection with the two 
contacts. Wear is no problem since the contacts 
touch the metal lightly and are water cooled. 
The oxide films on the metal surface act as a 
high-frequency conductor by virtue of their 
peculiar properties at high frequency. That is, 
the contacts do not establish a direct connection 
with the parent metal; their first light contact is 
with the oxide coating. Thus a minimum of 
pressure is required. Contact life on aluminum 
is from 200,000 to 400,000 ft. and on steel is 
from 50,000 to 100,000 ft. of tube. 

In conventional electric resistance welding, 
low-voltage, low-frequency, high-amperage cur- 
rent is applied to the two sides of the pieces to 
be welded. contact 
Contact re- 
sistance is a function of the resistivity, pressure, 


Heat is developed by 
resistance between the two edges. 


MAY 1958 


o BE 


Sy a 
—_ 


Welding Section of a 6-In. Aluminum Tube 
Mill. High-frequency contacts and squeeze 
rolls are shown. Coolant is soluble oil 
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High-Frequency Energy Source 


Fig. 1 — Schematic View of Low-Inductance Circuit 
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To High-Frequency 
Source 


Current 
Flow 


Fig. 2- 


rolls pinch the moving edges of tubing 


area, and other variable factors such as surface 
condition. With the high-frequency resistance 
welding process, the two pieces are heated 
without being in contact with one another, and 
only when they have reached welding tempera- 
ture are they pressed together to form a forge- 
type weld. 

Depth of Heating — With high-frequency re- 
sistance heating, the current path can be con- 
trolled but necessarily varies to some extent 
with different metals. Most of the magnetic 
materials being welded have a Curie point (loss 
of magnetic properties) at about 1300°F. The 
current, on leaving the contact and approaching 
the weld point, at first passes through cool metal, 
below the Curie point. In this region in steel, for 
example, the depth of penetration is about 0.004 
in., heating the skin intensely. In metal hot 
enough to have reached its Curie point, the 
current travels through material which is non- 
magnetic but which has a higher resistance. 
Depth of penetration increases and current flow 
may go as deep as 0.030 in. As the current con- 
tinues to flow toward the weld point, it is more 
and more affected by the return current flow on 
the other side of the very narrow Vee; therefore, 
as it gets nearer to the weld point, the depth of 
penetration becomes less due to the proximity or 
enhanced effect of the return conductor. Thus 
there is a maximum of heating effect near the 
weld point. This is vividly demonstrated in a 
static test in which the tube being welded re- 
mains stationary and heat is applied momen- 
tarily. The melted zone occurs around the weld 
point. Figure 3 represents depth of current 
from edge backward. 
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Working Section of High-Frequency Resistance 
Welding Unit. High-frequency current heats metal to 
welding temperature at the same instant the squeeze 
together 


In nonmagnetic materials, the current 
penetration depends upon resistivity and 
proximity. It might reach as much as 
0.030 in. in copper but as the current 
flows toward the weld, its resistance 
increases due to the increased tempera- 
ture and proximity effect and, under 
such conditions, it travels at less depth 
in the material. Consequently, the 
heating intensity becomes greater as the 
section approaches the weld point. 

Because the metals are pinched to- 
gether at the point of the Vee, molten 
material, if present, is squeezed out 
(upset) and the internal weld becomes 
essentially a forged weld. Since heat 
penetration beyond the surface is no 
more than a few thousandths of an inch, 
the heat-affected zone is very shallow. 
One of the important advantages of the process 
is its adaptability—the fact that the same 
welding head can be used with equal ease 
on a large variety of metals with a change only 
in the power input or the speed at which the 
metal is welded. The equipment and power 
supply for producing the welds are identical. 
The speed of welding is independent of tube 
diameter and is only dependent upon the wall 
thickness. 

Upset —In producing a weld, two abutting 
edges are brought to welding temperature and 
then pressed together. The pressure between 
the two governs the size and location of the 
upset, which in turn governs the quality of the 


weld. If the pressure is light, the weld will be 


Fig. 3— Current Depth Pattern of High- 
Frequency Welding Unit. Heat pene- 
trates only a few thousandths of an inch 


Current 
Depth 





Fig. 4— Electrolytic Tough 
Pitch Copper. Grain size un- 
changed in the weld zone. 
Etchant: Na,Cr.O;, 150 X 


poor; if the pressure is heavy, the weld is usually 
good if the temperature is correct. With a high 


pressure, some of the metal is moved or upset. 

The upset can be controlled (a) by mag- 
netically causing the current to flow either up 
or down the face of the edges being welded, or 


In the latter instance, 
if the two nearest edges (lands) are on the 
upper side, these will be hotter than the inner 
ones and the upset will go upward. 
verse is also true. 


(b) by scarfing the edges. 


The con- 
The slant of the edges can be 
cut on the strip as it enters the mill by the normal 
trimming cutters. 

Magnetic control is established by placing 
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magnetic material next to the Vee. This changes 
the inductance and corresponding reactance, and 
so controls the flow of current. These controls 
are extremely important when a minimum of in- 
ternal bead in a tube is desired. 

Aluminum, Copper and Brass — Aluminum and 
copper have low resistivity and high thermal con- 
ductivity. effectively 


They have not been 


welded with low- -frequency resistance welding 


Fig. 5 — Microstructures of Welded Hot Rolled 
and Stainless Steel. On the left, hot rolled 
unscaled European steel, etched in Nital, 100 > 

on the right, Type 302 stainless steel, annealed 
and etched electrolytically in 10% oxalic acid 





Fig. 6 — Effect of Welding 0.045- 
In Wall Zircoloy-2 Tubing. 50 > 


equipment. But with high-frequency 
ment, these properties are no hindrance. 


sequently, a 


equip- 

Con- 
large variety of aluminum tubing 
made of various alloys has been welded success- 
fully in ranges from % to 10 in. in diameter. 
Copper having a conductivity as high as 101% 
has been very successfully welded 
change in grain size at or near the weld. 


without 
Micro- 


structure of a weld in tough-pitch copper is 
shown in Fig. 

Brass has often been considered difficult to 
weld because of its natural tendency to lose zinc 


when hot. shielding atmosphere is usually 
required, but with high-frequency resistance 
heating this is not necessary. The high resis- 
tivity of brass makes it very weldable at high 
speed, and this speed, in turn, leaves insufficient 
time for dezincing. 

Steel— The process also is well suited to 
the welding of many types of steel. (About 50% 
of today’s installations are for steel.) Scaled 
hot rolled steel can be welded without difficulty, 
and segregated steel is no problem. Hot rolled 
pickled and cold rolled steels are easily welded. 
Stainless in the 300 and 400 series also can be 
handled by the high-frequency process. Photo- 
micrographs of various welds in steels are shown 
in Fig. 5. 

Zirconium — Zirconium and Zircoloy have 
also been welded quite successfully when pro- 
tected by an argon atmosphere. They are 
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welded at fairly high speed, in order to keep the 
Structure 
as welded, is shown in Fig. 6. 


heat-affected range at a minimum. 
of Zircoloy, 

Many other materials have been welded suc- 
cessfully, such as bronze, silicon bronze, german 
Typical speeds for various 
wall thickness of tubing made of aluminum, cop- 
per and steel are given in Table | 

Welding Dissimilar Metals — High-frequency 
resistance welding is not limited to the manu- 
facture of tubing; two strips can be welded with 
equal ease, 


silver, and Inconel. 


More than that, two strips of dis- 
similar material can be joined. One unusual 
application is welding high speed steel to high- 
carbon steel at 50 to 100 ft. per min. These 
two materials have entirely different resistivities 
magnetic 
plastic ranges, 


properties, thermal properties, and 
and therefore will reach welding 
heat at different temperatures. It is necessary 


to control the temperature in one of them. This 


Table 1— Typical Welding Speeds for 
Tubing Using a 50-Kw., 450-Ke. 
Welding Unit 





Speep, Fr. per Min 





ALuMINUM | Copper | STEE!I 
0.010 in, 500 + 320 500 4 
0.025 500 + 220 300 
0.035 300 180 225 
0.062 190 75 | 130 
0.081 110 100 


THICKNESS 





is done with magnetic reactance devices which 
deflect the current in the high speed steel, in 
creasing skin effect heating, which establishes a 
suitable differential. An example: welding of 
band saw blades where the teeth are of high 
speed steel, and high-carbon steel is used as a 
backup. 

Thin Metals—The process is particularly 
adaptable for joining very thin strip sheet 
ranging from 0.004 to 0.020 in. thick. The big 
problem is usually alignment or register of the 
edges. (With high-frequency resistance weld- 
ing, a lap weld can be made.) Contact (elec- 
trode) pressure on the seam is so light that it 
creates no problem. 

Thick metals up to % in. have been welded 
satisfactorily, and it should be practical to 
weld up to % in. wall thickness. Thick pieces 
sometimes require a device to preheat the edges 
to about 1000° F., if insufficient welding power 
is available. By using this technique, welding 
speeds can be nearly tripled. S 
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Electrie 


Furnace 
Refractories 


Reported by E. C. WRIGHT* 


One OF THE FEATURES of the Electric Fur- 
nace Steel Conference, held in Pittsburgh early 
last December by the Metallurgical Society, 
A.I.M.E., was a session wherein five important 
papers were presented on the general topic of 
What follows will state the high- 
lights of this meeting. 

Cast Refractories —J. D. McCullough, chief 
engineer of the Refractories Div., Babcock & 
Wilcox Co., discussed “Cast and Rammed Sec- 
tions in Arc Furnace Roofs”, and he pointed out 
the advantages of “casting” a section into the 
furnace roof, rather than allowing for electrode 
openings by intricate and costly brickwork. He 
described monolithic refractories of three differ- 
ent types: 


refractories. 


1. Plastic refractories carrying approximately 
45% alumina and having a density of 165 lb. per 
cu.ft. 

2. Ramming mixes having from 65 to 83% 
alumina with densities of 175 to 180 lb. per 
cu.ft. 

3. Two castable refractories. One is stable 
in volume to 3000° F., contains 60% alumina and 
has a density of about 125 Ib. per cu.ft.; the 
second is stable to 3200°F., contains 66% 
alumina, with density of about 135 Ib. per cu.ft. 

Experience over more than two years with the 
first of these castable refractories around the 
electrode ports indicated that the average roof 
life was increased 33% — from 60 heats for a roof 
made of silica brick to 80 heats for one with cast 
ports. At the end of the campaign the cast 
refractory projected a couple of inches beyond 
the adjacent silica brick — in other words, it was 
more heat resistant than conventional roof. 
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Refractory slurries are poured into forms 
around electrode parts; self-curing mixes are 
made with additions of silicon 

metal powder and sodium silicate 

whose reaction generates enough heat 

to set and dry the rammed refractory. 


(B19, D5; RM-h) 


The brickmason foreman then changed from 
silica roof brick to “superduty clay brick”, retain- 
ing the castable refractory around the electrode 
ports. This increased roof life to about 100 heats, 
with no patching. Again, roof life was deter- 
mined by the approaching failure of the brick 
rather than of the electrode ports. 

Forming the three ports ‘is quite simple. A 
metal collar about 22 in. diameter is appropriately 
located for each electrode. Silica roof brick are 
laid up in complete rings until they come within 
about 6 in. of these collars. Three partial rings 
are then laid between the ports, leaving a 6-in 
space between brick and collar. After the third 
partial ring is laid, the brick are then laid at right 
angles to their former direction and carried in 
this manner up to the center of the roof, where 
the three “spokes” meet to form a triangle. This 
triangle and the spaces around the collars are 
then filled with the castable refractory. This 
procedure eliminates time-consuming cutting and 
fitting of individual brick. 

The dry castable is mixed with about 16% 


*Consulting Editor, Metal Progress; Head of 
Department of Metallurgical Engineering, University 
of Alabama. 
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water for easy placement. This is a somewhat 
higher percentage than would give maximum 
strength, but since the mixture is superior to the 
surrounding brick, it does not matter. About 
2400 Ib. of dry mix is used in each roof. 

Overnight curing is by wet sacks, placed after 
the mixture has taken its initial set. The roof 
then air dries until a furnace is ready — from 24 
hr. to a week later. A new roof does not need to 
be babied on the first heat. 

Canadian magnesite is available from two 
large deposits in Quebec. Although their quali- 
ties are quite different, satisfactory 
fractories have been produced from each. As 
pointed out by A. H. 
Refractories, Ltd. (Montreal) usage in Canada 
closely parallels that in the United States. 

A newly burned magnesite brick having about 
85% MgO content and maximum density for this 
class of product soon proved to be superior at the 


basic re- 


Thomson of Canadian 


slag line where the brick must resist basic slag. 
Magnesite and chrome, chemically bonded, has 
been favored in the upper walls, provided the 
bricks are encased in steel. The steel — even 
though thin — is an excellent conductor and acts 
as a “cooling system which reduces spalling, as 
well as strengthe ns the entire sidewall. 

Basic re fractori ies now used in Canadian elec- 
tric furnaces are as follows: (a) upper sidewalls 
—nonspalling magnesite, steel encased; (b) slag 
line and lower sidewalls — 85% magnesite brick; 
and (c) door arch — chrome-magnesite, or non- 
spall magnesite between MgO ramming mix. 

Tar-bonded basic refractories were discussed 
by G. P. Holt of Basic, Inc., Cleveland. These 
are basic minerals mixed with 5 or 6% of coal 
tar, molded, and then packaged in waterproof 
paper for shipment. 

Three types of such brick have been used i 
Europe for many years although they have oa 
given little attention in the United States. These 
are (4) magnesia plus tar, (b) dolomite plus tar, 
(c) mixtures of dolomite and magnesia plus tar. 

The first mentioned is the most expensive but 
it is also the most reliable since it does not hydrate 
in storage; it can also be used for furnace linings, 
particularly for oxygen-blown converters. 

Dolomite should be used promptly. Long 
storage causes it to disintegrate due to hydration 
of the lime it contains. 

The magnesia constituent of these tar-bonded 
refractories has a composition typical of the 
dead-burned grain magnesite which might be 
used to make magnesite brick. Ground magnesia 
is also commonly 


used for the fine fractions 
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mixed with the coarse bodies in dead-burned 
dolomite. (Adequate densities require care- 
fully proportioned mixtures of coarse and fine 
particles in both brick and ramming mixes. ) 
Ground particles of dead-burned dolomite react 
rapidly with moisture in the air and seriously 
hydrate within a few hours. This does not 
occur to dead-burned grain magnesite. 

Coal tar pitch must be used as binders on ac- 
count of its coking characteristics. Upon heat- 
ing, a large proportion of it vaporizes, leaving a 
carbon residue which acts as a bond for the brick, 
enabling it to resist spalling at intermediate 
temperature. Thus the most important quality 


of each tar is its coking characteristics. Heavy 


coal tars have much more favorable coking char- 


acteristics than do substances like asphalt; most 
of the asphalt volatalizes without leaving behind 
any bond. 

Ladle Refractories—A paper on self-baking 
refractory mixes (especially for ladles) was pre- 
sented by r. A. Stoyell of Electro Metallurgical 
Co. and T. R. Culbert of Case Institute of Tech- 
nology, in js es they emphasize that thorough 
drying of thick sections of rammed refractory 
usually means a long period of time, a drying 
Wet rammed 
refractory can now be rapidly and thoroughly 


oven, or a gas or an oil flame. 


dried when a self- baking refractory mix is used. 
Aside from the desired refractory material, the 
basic ingredients of this mix are silicon metal 
powder and an alkali metal silicate which react 
and generate sufficient heat within the rammed 
mix to set and dry it completely. 

The silicon metal powder has 95% minimum 
purity in particles through 200 mesh, and the 
Different 
ingredients include silicon carbide, 


sodium silicate is commercial grade. 
refractory 
silica sand (with and without silica flour), mag- 
nesite mix (periclase and dead burned magne- 
The self-baking reaction, 
if not spontaneous, can be initiated within a 
minute by a gas flame directed on one spot. 


site ), and zircon sand. 


A minimum amount of silicon metal powder 
is required for satisfactory strength for each 
particle size distribution of a refractory. As the 
porosity (or coarseness) of the refractory in- 
creases, the required percentage of silicon metal 
increases. Silicon carbide refractories of this 
sort have density (after self-baking) of 105 to 
120 Ib. per cu.ft. and compressive strength of 
about 1200 psi. The figures for sitica sand are 
107 and 1650 psi., respectively, and for the mag- 
nesite mix, 140 Ib. per cu.ft. and 2670 psi. com- 
pressive strength. Se 
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A Study 
of 
Temperature 
Uniformity 
in 


Heat Treating 


By HAROLD N. IPSEN* 





























Fig. 1 — Arrangement of Baffle 
and Fan in the Test Furnace 


Tests were made with and without forced convection to study variations 
in temperature reached by parts in center and edge of a work basket 

of steel stampings. Nonuniform heating can result in appreciable difference 
in the structure and properties of heat treated parts. 


Textrerature unirormrry is an important 
factor in heat treating. Variation as insignificant 
as plus or minus 25° F. (U.S. Air Force Specifi- 
cation No. 303) may be sufficient to prevent full 
hardening of a part. Uniform heating is essential 
where sections are nonuniform and where heavy 
machining stress is involved. 

The degree of incomplete hardening that can 
be tolerated depends on the type of part. It is 
generally considered desirable that bolts and 
other parts subjected to substantially uniform 
tensile stresses be at least 90% martensitic. Air- 
craft fasteners require complete hardening for 
acceptance. 

For applications involving high-carbon and 
alloy steels (normally subjected to heavy service 
loads), a full hardened structure becomes in- 


~ *President, Ipsen Industries, Inc., Rockford, Ill. 
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(J28, P11k, W27n; ST) 


creasingly important. In a spring application, 
ability to resist a permanent set depends on full 
hardening. Maximum hardening of alloy steels 
depends on complete solution of carbides, and 
requires higher temperatures and longer cycles. 
This is especially true of steels containing appre- 
ciable amounts of Cr-Mo-V which precipitate 
large carbide compounds. This condition is 
exemplified in tool and die applications which 
must be heated uniformly to temperatures up to 
1950° F. under close temperature control. While 
preheating is often considered essential, it is not 
required if the part is brought to soak tempera- 
ture uniformly. 


Case Hardening Processes 


Temperature uniformity is especially impor- 
tant in case hardening because it controls the 
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depth of penetration and carbon concentration. 
Critical core properties and requirements for 
minimum amount of retained austenite call for 
restricted temperature ranges. Ammonia intro- 
duced into the atmosphere in the carbo-nitriding 
process increases the rate of penetration and 
solubility of carbon in the austenite matrix, and 
further reduces allowable temperature variations. 
This example shows the specific relationships 
of time-temperature and case penetration: A 
maximum variation of 1650 to 1700° F. within a 
furnace will cause a spread of 0.050 to 0.060 in. 
in case depth in a normal 5-hr. cycle. It would 
require an additional 2 hr. carburizing time for 
the maximum case at the lower temperature. 
For case depths in the range of 0.120 in., addi- 
tional time needed would be about 10 hr. 
Another factor is involved in carbo-nitriding. 
Computing machine and typewriter components 
have extremely thin sections which must be held 
to a maximum case of 0.001 to 0.002 in. If the 
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Fig. 2— A Standard Work 
Basket Containing 557 
Lb. of B1112 Steel 
Stampings for Bathroom 
Scales Was Used in the 
Tests. A thermocoupl« 
was welded to a part in the 
center of the basket, an 
other to a part near the 
side, 6 in. from the floor 


temperature varies more 
than + 15° F., it is impos- 
sible to meet this require- 
ment—even at tempera- 
tures as low as 1400° F. 

The case-core relation- 
ship also influences the 
service effectiveness of a 
part. Close control of both 
structures must be main- 
tained, especially on highly 
stressed parts such as ring 
gears, drive pinions, and 
transmission gears. 

The secret of a good case 
is the degree of compres- 
sive stress in the surface 
layer. In most applica- 

tions the prime importance 
of the core is to support 
the case, assuming that the 
core structure is of suffi- 
cient strength to resist 
bending or torque loads. In certain applications, 
such as sheet metal screws, this latter require- 
ment is critical. It presents a temperature con- 
trol problem because a short heat cycle with a 
controlled soak at the maximum carbo-nitriding 
temperature (1650° F.) is required for complete 
core hardness. In most gear applications grain 
coarsening due to overheating must be con- 


trolled; otherwise surface compressive stresses 


may be substantially reduced. 

To a limited degree, the effect of heat variables 
within a load reverses the tool heat treater’s 
trick of restoring concentricity or straightness to 
a section by localized heating. Uneven heating 
induces stresses. Parts with irregular cross sec- 
tions and extensions are most susceptible to stress 
concentrations. 


Tests Measure Variations 
Forced-circulation convection heating at tem- 


peratures above incandescence is more effec- 
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tive in controlling case depth, 
uniformity, and distortion than 
is generally realized. Experi- 
mental work was performed to 
prove this point. The results 
led to the application of the 
principle of 100% forced convec- 
tion heating in all Ipsen equip- 
ment. Equipment used was the 
controlled atmosphere furnace 
illustrated in Fig. 1. The hearth 
area is 24 in. wide, 36 in. long, 
with an 18-in. effective working 
height. The hearth floor is per- 
forated with uniformly spaced 
openings equal to one third of 
its total area. Demountable 
baffle sidewalls are lightweight 
but solid, and the arched roof 
has a 14-in. square center open- 
ing. Above the roof opening is 
a 19-in. diameter centrifugal fan 
driven by a 3-hp., 1750-rpm. 
electric motor. Eight vertical 
ceramic heating tubes, with 
flame busters, provide a maxi- 
mum hourly input of 464,000 
Btu. Heated atmosphere cir- 
culates through each of the 
hearth openings at a velocity of 
about 2400 ft. per min. 

A standard work basket con- 
taining 557 Ib. of B1112 steel 
stampings (Fig. 2) for bathroom 
scales was used in the tests. 
The gross load was 600 Ib. A 
thermocouple was welded to a 
stamping and inserted in the 
center of the loaded basket. 
Another part with welded ther- 
mocouple was placed near the 
side of the basket load, 6 in. 
from the floor bottom. 


Fig. 3 — Charts Show Temper- 
ature Reached by Center Part 
C) and Edge Parts (E) under 
These Three Test Conditions: 
1. With directional flow baffle 
and 19-in. fan circulation. 2. 
With 14-in. fan, without baffle. 
3. Without muffle, without 
fan. Tests were made at 
1550° F. (top), 1750° F. (cen- 
ter) and 1850° F. (bottom) 
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1550 °F. Test 


1750 °F. Test 


1850 °F. Test 





All tests were conducted with controlled 
atmosphere to simulate production conditions. 
An endothermic generator was used, cracking 
natural gas and air at 2.5:1 ratio and automat- 
ically controlling to a + 30° F. dew point. The 
thermocouple lead wires were passed out through 
an atmosphere vent, which allowed all tests to 
be made under normal furnace pressures. 

The load was tested at 1550, 1750 and 1850° F. 
under these conditions: 1. With both direc- 
tional flow baffles and 100% fan circulation. 
2. Without baffles, but with fan 
3. Without either fan or baffles. 

In each test, the furnace was held at tempera- 
ture for sufficient time to insure equilibrium. A 
cold charge was then moved into the furnace, 
and the recovery time accurately checked from 
the potentiometer controlling records. Simul- 
taneous checks were made of temperatures at 
the two locations in the charge, and of the fuel 
gas consumption. Results are shown in Fig. 3. 

The poorest condition for heating was direct 
radiation, without use of fan or baffles (Condi- 
tion 3 in Fig. 3). As might be expected, recov- 
ery time (the interval from insertion of cold 
charge to the point where furnace heating sys- 
tem goes off full-fire) is normally longer than 
under convection conditions, and becomes more 
pronounced with increased operating tempera- 
ture. The worst characteristic, however, is the 
temperature spread through the charge upon 
completion of furnace temperature recovery. 
Also noteworthy is the fact that there was sub- 
stantial overshoot of the control temperature in 
parts adjacent to radiating surfaces. 

The tests were repeated with the use of a 
14-in. muddling fan within the heating chamber, 
over the charge, but without directional baffles 
(Condition 2 in Fig. 3). Operating at synchro- 
nous speed of 1750 rpm., the fan directed atmos- 
phere horizontally outward and vertically down- 
ward to pick up heat from the surface of the 
heating tubes. 

Separate observation indicated that a mini- 
mum of heated atmosphere came into forceful 
contact with the bottom of the charge because 
short circuiting took place at levels substan- 
tially above the bottom of the furnace. How- 
ever, recovery intervals were somewhat better 
than without the fan and the temperature spread 
from the center thermocouple to the outside 
thermocouple decreased. 

A standard 19-in. fan replaced the muddling 
fan and the tests were repeated without baffles. 
The increased circulation of the larger fan sub- 


circulation. 
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stantially reduced the heating interval and nar- 
rowed the temperature spread in the charge. 

The final tests studied the effects of guided, 
high-velocity circulation (Condition 1 in Fig. 3.), 
using the 19-in. diameter fan and directional 
flow baffling within the heating chamber. No 
overshoot occurred because the temperature 
control thermocouple was in the atmosphere path 
from the heating tubes enroute to the charge. 

Comparison of the hardness obtained by water 
quenching sections of S.A.E. 1045 steel from 
1340, 1380, and 1425° F. gave values of Rockwell 
C-27, 51, and 58, respectively. On the basis 
of test results, a theoretical 500-Ib. load of S.A.E. 
1045 parts austenitized from 1550°F. (Condi- 
tion 3 on the top chart in Fig. 3) would recover, 
as indicated by the control couple, in 50 min. 

Allowing 20 min. for soak (which would be 
normal practice), a considerable portion of the 
load would be under 1340° F. and would not 
harden. Thus, a 500° F. temperature variation 
in the basket load would be present at time of 
quench. Under Condition 1 (optimum circula- 
tion), the same work load would be uniformly 
soaked out, resulting in full hardening. 

A typical 0.008 to 0.010-in. case specification 
would be impossible under Conditions 2 and 3 
of the test. A 100-Ib. load of small stampings 
was carbo-nitrided for 1 hr. at 1550° F. in the 
test furnace. With no fan or muffle (Condition 
3) the case was from 0.001 to 0.013 in.; with 
14-in. fan but no muffle (Condition 2) it was 
0.004 to 0.010 in.; with standard fan and baffle 
(Condition 1) it was 0.009 to 0.010 in. 

The additional case in Condition 3 is attributed 
to temperature overshoot from radiant heat 
transfer. The light load allowed faster recovery 
at the center than noted under test conditions. 

The benefit of the guided convection heating 
lies in the higher heating rate from ambient to 
control temperature, with emphasis on that por- 
tion of the operation from equilibrium between 
chamber, muffle, and charge up to control tem- 
perature. 


In this uniform rise, the tendency for equali- 
zation is pronounced; thin sections heat at no 
higher rate than adjacent thick sections, regard- 


less of their position in the charge. The baffle 
gives directional flow of the heated atmosphere 
and minimizes direct radiation to parts adjacent 
to the heating tubes. In addition, the baffles and 
brickwork provide a convenient reservoir of heat. 
An appreciable amount of stored heat from 
their surface may be transferred to the stream 
of atmosphere for convection heating. S$ 
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How to Treat Pickle Liquors 


in a 
Small Plant 


By EDWARD W. LANG* 


A crystallization-regeneration unit at Vulcan Rivet & Bolt Corp., 
Birmingham, Ala., has solved the problem of disposal of pickle liquors 
from a 1200-gal. batch tank. The system is based on removing 


400-gal. portions of liquor, crystallizing ferrous sulphate 
for economical disposal and returning regenerated liquor 


Mau scare anp rust are generally re- 
moved from steel by pickling in sulphuric acid. 
When the ferrous sulphate concentration reaches 
about 15%, the pickling rate decreases and the 
spent pickle liquor, containing 3 to 10% sulphuric 
acid, must be regenerated or disposed of. The 
disposal of spent pickle liquor has been a prob- 
lem for many years because almost all methods 
that do not cause stream pollution are uneco- 
nomical, especially for small plants. 

Most fabricators of steel use batch pickling, 
as compared to continuous strip pickling used by 
steel mills. In the past, the small batch pickling 
plants had little problem in disposing of the spent 
liquor. Because the volume was relatively small, 
it was usually dumped into streams or pumped 
to storage lagoons. The strengthening of stream 
antipollution laws has greatly increased the dis- 
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to the tank. (AS8b, L12g) 


posal problems. For plants pickling small 
amounts of steel, the disposal or regeneration 
methods applicable to large plants are costly. 
The purpose of this article is to appraise methods 
of disposal which are practical for the small 
plant and to describe an inexpensive crystalliza- 
tion unit used by a steel fabricating plant in Bir- 
mingham, Ala., to regenerate acid and to produce 
ferrous sulphate crystals for easy disposal by 
dumping and covering. 


Methods of Disposal 


Many plants neutralize the liquor with lime 
and dispose of the resulting slurry by lagooning. 
This method has the 
costly 


disadvantages of being 


in equipment and lime; large storage 


*Head, Chemical Engineering Section, Southern 
Research Institute, Birmingham, Ala. 
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areas for the neutralized product are required. 
A number of processes with byproduct recovery 
have been proposed, but none provide sufficient 
income from the products to defray the operat- 
ing costs. With small amounts of spent acid 
for disposal, fabricating plants are more inter- 
ested in reducing the cost and nuisance of dis- 
posal than in recovering byproducts. Methods 
which have been used by small plants for dis- 
posal of spent liquor include: 

1. Dumping into streams or underground 
cavities. The acidity and high ferrous sulphate 
content make dumping into streams quite objec- 
tionable. This means of disposal is usually pro- 
hibited by state laws. Disposal underground is 
an inexpensive alternative, but it may weaken 


Fig. 1 — The Effect of Temperature 
and Sulphuric Acid Concentration 
on Solubility of Ferrous Sulphate 


the structure of the ground or may pollute under- 
ground water supplies and result in law suits. 


2. Dumping into sewers. The high acidity 
of the pickle liquor will damage sewers, which 
forbids this method from being used in most 
cities. Even if the pickle liquor is first neutral- 
ized, it is objectionable because it increases the 
load to the sewage disposal plant, and plugs 
sewers and air diffusers in the activated sludge 
process. 

3. Lagooning. This requires large areas and 
does not overcome stream pollution problems 
unless the liquor is first treated with lime. 

4. Lime neutralization. This is the usual 
method of disposal. A lime slurry is added to 
spent liquor to react with the free acid and fer- 


a4 


rous sulphate to form insoluble calcium sulphate 
and ferrous hydroxide. Sometimes these solids 
are filtered from the neutral solution to give a 
wet solid which is easier to dispose of. However, 
filtration is a slow process and adds considerably 
to disposal cost. For this reason, the neutralized 
slurry is usually run to lagoons where most of the 
water drains off. Lagooning is not practical in 
most locations because of space required. The 
over-all cost of lime neutralization is normally 
greater than the cost of the acid used in pickling. 
5. Crystallization of copperas. This procedure 
offers the small pickling plant an inexpensive 
method, The spent liquor is cooled to cause the 
copperas (ferrous sulphate) to crystallize out. 
The crystals are removed and the remaining 
liquor is recycled to the pickling tank. The 
free acid is recovered for reuse. The dis- 
posal problem is reduced to dumping the 
recovered crystalline copperas. 
needed. 


Small Batch Pickling 


No lime is 


An investigation was carried out at South- 
ern Research Institute to develop a prac- 
tical method of disposal for the Vulcan 
Rivet & Bolt Corp. of Birmingham. This 
company pickles about 15 tons of steel wire 
per day in a 1200-gal. tank. A study of 
the various methods indicated that the 
crystallization of copperas was the most 
economical process from the standpoint of 
investment and operating costs. This 
method is well suited to plants using batch 
pickling because a high concentration of 
ferrous sulphate can be tolerated in the 
pickle liquor. 

Most of the published data on crystalli- 
zation regeneration deals with continuous pick- 
ling where ferrous sulphate concentrations 
greater than 15% cannot be tolerated because 
the rate of pickling is decreased. In plants where 
batch pickling is used, the rate of pickling is of 
less importance. A sulphuric acid content of 
3 to 6%, a ferrous sulphate content of 25 wt.% 
(34 vol.%), and a bath temperature of 150 to 
170° F. will give a satisfactory pickling rate. 
Because a relatively high concentration of fer- 
rous sulphate can be tolerated in the pickling 
liquor, cooling to ambient temperatures will 
remove a reasonable portion of the ferrous sul- 
phate as copperas. In continuous pickling 
(where it is desirable to maintain the ferrous 
sulphate at about 15%), refrigeration of the 
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liquor is necessary to cause more of the ferrous 
sulphate to crystallize. An alternative is to 
evaporate the liquor before it is crystallized. 
Either process is quite expensive. 


Solubility of Ferrous Sulphate 


The properties of ferrous sulphate-sulphuric 
acid solutions are given in Fig. 1, taken from 
Pearson and Bullough (Journal of the Iron and 
Steel Institute, Vol. 167, 1951, p. 439). More 
recent studies by Kobe and Frederickson (Chemi- 
cal and Engineering Data Series, Vol. 1, 1956, 
p-. 13) substantiate these data. The curves in 
Fig. 1 show that the solubility of ferrous sulphate 
reaches a maximum between 50 and 70° C. (122 
and 158° F.). The solubility decreases as the 
sulphuric acid concentration increases. A 
saturated solution at 60° C. (containing 5% 
sulphuric acid) will give crystals of the 
heptahydrate (copperas) if cooled, and 
crystals of the monohydrate if heated. The 
concentrations used in this article are given 
in wt.% whereas many plants express con- 
centrations in vol.%. Vol.% is g. per 100 
ml. of liquor; wt.% can be converted to 
vol.% by multiplying by the specific gravity 
of the liquor. To aid in this conversion, 


the specific gravity of pickle liquor at vari- 


ous concentrations of sulphuric acid and 
ferrous sulphate is given in Fig. 2 from data 
of Wragge (Journal of the Iron and Steel 
Institute, Vol. 162, 1949, p. 213). 

The data in Fig. 1 are useful for deter- 
mining the desired limits for ferrous sul- 
phate and acid concentration. They also 
can be used to determine the quantity of 
pickle liquor which must be removed from 
the tank and crystallized to maintain the 
bath at the concentration needed. An example 
will show how to use these data: 

Figure 1 shows that when operating at 150° F. 
and 2% sulphuric acid, the ferrous sulphate 
content can be increased to 31 wt.% before cop- 
peras will crystallize out. In this case, a safe 
maximum concentration might be 25 wt.% (33 
vol.%). In a batch-type crystallization-regenera- 
tion unit, a portion of this liquor is pumped to a 
cooling tank where the liquor is cooled to 75° F. 
Make-up acid, equivalent to the ferrous sulphate 
to be removed, is added before the liquor is 
cooled so that the solubility of ferrous sulphate 
is further decreased. This added acid increases 
the acid concentration to 8.8%. As indicated in 
Fig. 1, cooling of this liquor to 75° F. (24° C.) 
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causes copperas to crystallize out until the liquor 
contains 16% ferrous sulphate. In this example, 
50% of the original ferrous sulphate is removed 
as crystals of copperas. The liquor which is 
drained from the crystals contains the recovered 
acid and the make-up acid. It is returned to the 
pickling tank. The amount of copperas which 
is recovered from a batch pickling plant thus is 
equivalent to the sulphuric acid added to the 


pickling tank. 
The Plant Unit 


Vulcan Rivet & Bolt Corp. operates its 1200- 
gal. pickling tank at 140 to 160° F. and 2 to 6% 
sulphuric acid, Ferrous sulphate concentra- 
tions up to 25 wt.% are normally used. Pickling 


Fig. 2— The Specific Gravity of Pickle 
Liquor at Various Concentrations of 
Sulphuric Acid and Ferrous Sulphate 


time of about 30 min. is required for coils of % 
and 34-in. wire. Design of the crystallization- 
regeneration unit was based on removing three 
crystallization batches per week containing 25 
wt.% ferrous sulphate. The unit consists of a 
transfer pump, a cypress crystallizing tank and 
a cypress holding tank, each having a capacity 
of 800 gal. The pump is 1%-in. centrifugal type 
made of Worthite. The holding tank is mounted 
at a level higher than the pickling tank so that 
the liquor can be returned by gravity. The 
crystallization tank is mounted above the hold- 
ing tank so the liquor can be drained from the 
crystals to the holding tank. Polyethylene 
(“Carlon Type EF”) flexible pipe was used for 


transfer piping and for a 2-in. cooling coil in the 
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Make-Up Acid Cooling Water 


Fig. 3 — Flow Diagram of 
a Unit for Regenerating 
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Copper as 
Crystals to 
Disposal 


Crystalizing Tank 
800 Gal., Cypress 


Drained Liquor 
15 Wt.% FeSO.4 






































Pickling Tank 


Spent Pickle Liquor, 
25 Wt.% FeSO.4 


Surge Tank 


800 Gal., Cypress 


Waste Pickle Liquor Suit- 
able for a Small Plant 
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crystallization tank. (Air cooling was not fast 
enough.) The installed cost of the plant unit 
was about $2000. 


Operation 


The cycle consists of removing and crystalliz- 
ing three 400- gal. batches per week. This per- 
mits the ferrous sulphate content to build up 
to about 25 wt.% (33 vol.%) before another 
batch is pumped to the crystallizing tank. About 
350 Ib. of 66° Be sulphuric acid is added to make 
up for that lost as ferrous sulphate. The batch 
is cooled during a period of one to two days to 
about 70° F. by means of the water cooling coils. 
The liquor is drained from the crystals to the 
holding tank. The asp d liquor contains ap- 
proximately 15 wt.% (18 vol.% 
and 9% sulphuric few 

Another batch of liquor is pumped to the 
crystallization tank every two days and the re- 
generated liquor from the holding tank is run 
into the pickling tank. The crystals of copperas 
remaining in the crystallization tank are removed 
by scraping them from the sides and shoveling 
into 55-gal. drums. Some 500 Ib. of the crystals 
are removed from each crystallization batch 
(about 1200 Ib. per week). The drums of cop- 
peras are hauled to a dump for disposal. 

In more than two years of operation, the 
process has proved to be an economical method 
for pickle liquor disposal. The major operating 
cost is removing crystals from the tank by hand 
labor. This could be eliminated by using a con- 
tinuous crystallizer through which a slow stream 
of the pickle liquor would be pumped. The 


) ferrous sulphate 
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crystallizer could be provided with a cooling 
jacket and scraper blades for removing the crys- 
tals from the cooling surface and for discharging 
them to containers for disposal. 


Analytical Control 


A simple method of analysis was developed 
for a periodic check of ferrous sulphate and 
sulphuric acid in the pickle liquor. A 5-ml. 
sample of the liquor is titrated with 0.5 N sodium 
When the pH 
reaches 4.8, all sulphuric acid has been neutral- 
ized and the 


hydroxide using a pH meter. 


sodium hydroxide used is noted. 
The titration is continued to a pH of 9.5 at 
which point all ferrous sulphate has been titrated. 
The sulphuric acid and ferrous sulphate con- 
centrations in vol.% are read from graphs. An 
inexperienced plant operator can carry out this 
analysis after a minimum of instruction. 


If the copperas is to be sold for water treat- 
ment, it should be acid-free and consist of small 
free-flowing crystals. 


Markets for copperas are 
limited and there is probably no profitable out- 
let for the limited amounts from small pickling 
installations. Disposal of copperas on dumps to 
be earth covered should present no problem. 
Care should be taken to avoid dumping crystals 
on ground closely underlain by limestone or rock 
structures having solution cavities or fissures 
which would permit surface waters to carry 
the ferrous sulphate into the ground water. A 
clay soil prevents such movement. Even if some 
sulphate is dissolved, it will readily combine with 
calcium of the soil or rocks to form insoluble 


calcium sulphate. r=} 


METAL PROGRESS 





z 


ae 
_- 


: oe oe " - 
Se “ae 


* 


*Forged from 312% Nickel Steel — These gyratory crusher shafts 
weigh 102,000 and 34,000 Ibs. and are 25 and 17 feet long respectively. 
They were produced by Bethlehem Steel Company, Steelton, Pa. 


'n large forgings like this...” 
You get desired properties reliably 
with Nickel Steel 


Usually husky parts like this cannot be quenched 
without special facilities. 

How then do you get the superior mechanical 
properties often required in heavy-sectioned parts? 


By selecting a nickel alloy steel that doesn’t need 
a liquid quench to develop strength and toughness. 
Why Nickel? 


The tests of time and laws of metallurgy have 
proved nickel to be most valuable in developing high 


mechanical properties in heavy forgings. Nickel, 
often acting with other alloying elements, increases 
the hardening response of steel parts too large to 
liquid quench. The resulting microstructure formed 
gives added strength and improved toughness. 


Do you have a problem? 
Nickel alloy steels are used for dependable trouble- 
free performance in the most demanding applica- 
tions. Send us the details of your problem. We may 
be able to help you — write today. 


ICO, THE INTERNATIONAL NICKEL COMPANY, INC, 2.40. 5°'%4 
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Hardenability Bands for Steels 9260-H to 9850-H 


A.LS.I. List of March 1957 


926x-H Series varies as to chromium. It may contain 0.55-0.65 C, 0.65-1.10 Mn, 1.70-2.20 Si. 


Analysis of 9310-H is given on the diagram 
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94 Bxx-H steels may contain 0.70 to 1.05 Mn, 0.20-0.35 Si, 0.25-0.65 Ni, 0.25-0.55 Cr, 
0.08-0.15 Mo and 0.0005 min. B 
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N means normalizing temperature for forged or Hardness limits are specified in Rockwell C-scale 
rolled material; A means austenitizing temperature units (no fractions) and can be scaled from the plotted 
(both as recommended by S.A.E.). points where not labeled at even sixteenths. 
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Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 


* 316 Stainless 


present size range: 
maximum—5% in. diam. 
circumscribing circle; 
minimum—0.4 sq. in. area 


* SAE 4130 


* Tool Steel Atlas 93 


* 304 Stainless 


* 410 Stainless 


Why hog out intricate shapes like these? Let A-L extrude them in any steel 


If you're hogging out sections, paying for special mill 
rolls on small orders, or waiting for minimum rolling mill 
tonnages, Allegheny Ludlum Steel Extrusions are your 
answer. They will save you scrap loss, slash your machining 
costs, hold down your inventory requirements and cut 
delivery time. 

Extruded shapes save money on expensive materials and 
on costly machining. Non-ferrous applications in the last 
decade have proven it. Now even greater savings are possible 
with tough, strong metals in Allegheny Ludlum Steel 
Extrusions. 

Intricate extruded shapes in all stainless grades, tool 
steels, carbon steels, electrical steels, high temperature 
alloys, even zirconium and nickel alloys are now in produc- 


ALLEGHENY 





tion at Allegheny Ludlum, cutting costs in many different 
industries. 

Costs and minimum order quantities are surprisingly low 
Charge for die design is under $200. Orders taken for as 
little as 40 pounds 

To learn more about the time and cost-cutting possi- 
bilities of Allegheny Ludlum Hot Steel Extrusions, send for 
the extrusion booklet—12-pages of design and engineering 
information with process and product explanation, material 
properties, design tips and limitations, tolerances, order 
instructions, etc. Or call any A-L office for technical 
assistance. Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. Address Dept. MP-5. 


LUDLUM 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS .. 
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Bausch & Lomb Salutes: 
Erwin R. Cprek 


... Blue Ribbon Award Winner, 1956 A.S.M. Metallographic Exhibit 
BLUE RIBBON AWARD 
WINNER for the best photo- 
micrograph in the Color Prints 
class—Mr. Erwin R. Cprek, 
Research Staff, General Mo- 
tors Corp., Detroit, Mich. 


HIS AWARD-WINNING 
PHOTOMICROGRAPH, 
MADE WITH 

BAUSCH & LOMB 
EQUIPMENT—''Blistering of 
Cu-Ni-Cr Electroplate on 
Low-Carbon Steel." 


Bausch & Lomb Metallographs 
help industry boost 
output and maintain quality 
by providing detailed 
magnified images—visual or photographic— for routine work and advanced research. 
Ease and comfort are basic design features of the B&L Balphot Metallograph—one of a complete 
line of metallographic equipments. You sit relaxed, with all major controls within effortless reach. 


A flick of a switch provides clear, sharp images for microscopy—for group viewing (with exclusive 
Magna-Viewer projector screen)—or for photomicrography. 


Find out how these faster, easier, completely dependable analyses can help you save on time and materials. 
Write for Catalog E-232, and for complete expert advisory service. 


No obligation, of course. Bausch & Lomb Optical Co., 
63829 St. Faul St., Rochester 2, New York. 


America’s only complete optical source... from glass to finished product. 
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Better Ways to Fabricate 
High-Temperature Materials 


STAFF REPORT 


Aircraft and missile needs are setting the pace for development of improved 
high-temperature materials and better methods for fabricating them. 
Investment casting in vacuum opens up a promising area. Slip casting can be used 
to fabricate parts that cannot be made any other way. Better control of 
processing variables in wrought fabrication gives improved properties. 


Power pants for aircraft and missiles 
generate some of the most stringent requirements 
facing materials engineers today. The critical 
range is above 1500° F. and may even extend to 
5000° F. Although the temperature in jet engine 
blades is below 2000° F., 
operating periods and critical dimensions make 
this application difficult to satisfy. 
temperatures go up, it is 


high stresses, long 


As engine 
necessary to use 
stronger alloys all along the line. 

But before any high-temperature material can 
be considered for use in engine components, it 
This statement 
sets the stage for a Symposium held at the 
national meeting of the Metallurgical Society, 
A.I.M.E., in New York to discuss the effect of 
processing variables and fabrication practice on 
properties of high-temperature materials. 


Where Do We Stand? 


must lend itself to fabrication. 


Today, engine builders are looking for a 
bucket alloy which will give a stress-rupture 
strength of 20,000 psi. at 1800° F. for 100 hr., 
reported F. S. Badger, vice-president, Haynes 
Stellite Co., a division of Union Carbide Corp. 

\ series of development alloys are reaching 
for this high figure by trying to balance high 
tungsten or high aluminum and titanium contents 
against the minimum acceptable ductility. These 
are all casting alloys. The nickel-base ones will 
stand a little more than 18,000 psi. under the 
desired conditions; the cobalt alloys are some- 
what weaker. Alloys in these two groups are: 
Udimet-500 vacuum remelted, WI-52, Haynes 
Development Alloy (H.D.A.) 8294, Inco 713 
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(A-general, Q-general, 2-62; SGA-h) 


and H.D.A. 8151. 
for these new alloys in the region of interest 


The Larson-Miller diagrams 


are shown in Fig. 1. 


As the ultimate in high-temperature properties 
for these alloys is approached, close control of 
composition is essential. There is hope that 
element additions may be 


minor found to 


further enhance their properties. However, 
says Mr. Badger: “It will be surprising if the 
useful operating temperature range of nickel and 
cobalt-base alloys is developed more than an- 
other 100° F., particularly since oxidation resist- 
ance at surface grain boundaries is an ever- 
present problem with nickel-base, high-titanium 
and aluminum alloys.” Thus prospects are poor 
for extending them beyond 1850 to 1900° F. — 
with designers crying for bucket temperatures 
of 2000° F. and up. 


Where Do We Go? 


A radically different approach is necessary to 
supply alloys to meet this higher temperature 
range for gas turbines, according to Mr. Badger. 
Also, the requirements of ramjets, high-speed 
aircraft, and missiles during re-entry raise the 
temperature demands on materials above the 
melting points of many metallic alloys. So we 
have an entirely new measuring stick for the 
super high-temperature materials needed for the 
future. Work is being concentrated on high- 
melting-point, reactive, refractory metals — tung- 
sten, tantalum, columbium and molybdenum and 
their alloys. These metals, because they are 
both refractory and reactive, are particularly 
difficult to fabricate. 
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In one significant respect these superalloys are 
inferior to the old alloys: oxidation resistance. 
In the temperature range of 2000 to 2400°F., 
the oxidation resistance of the old alloys is gen- 
erally inadequate for long service, but the new 
reactive metal alloys are very poor. It is proving 
more difficult to develop oxidation resistance 
than high strength in these high temperature 


Fig. 1 — Comparison of Some 
of Today's Superalloys on 
a Larson-Miller Diagram 


ranges. Except for very 
short periods of exposure, 
it appears that metal clad- 
ding or a refractory coating 
will be required to protect 
against oxidation. This 
adds to their weight and 
makes high surface finish 
more difficult. 

These difficulties point 
toward new types of high- 
temperature materials such 
as ceramics, metal-ceramics 
and high-temperature com- 
pounds fabricated by pow- 
der techniques. 

Vacuum investment 
casting was one of the 
most promising new areas 
discussed at the Sympo- 
sium. It appears that each 
alloy must be thought of 
individually, when the ef- 
fects of vacuum melting 

and vacuum casting on mechanical properties 
are considered, according to John A. Miller of 
the Haynes Stellite Co. 

The best procedure, from the standpoint of 
both quality and economics, is to use a vacuum 
melted alley as the base stock. It may be re- 
melted either in a vacuum casting furnace or in 
a controlled-atmosphere casting furnace. In- 

vestment molds are used 
with either of these fur- 
naces to give precision 
castings. Both methods of 
casting are based on the 
premise that the properties 
of the vacuum melted alloy 
are developing in the mas- 
ter alloy. During remelt- 
ing and casting, the alloy is 
protected to preserve these 
properties. Dissolved gas- 
es are maintained at a low 
level in the alloy and the 


Fig. 2— Stress-Rupture 
Curves for Vacuum Melt- 
ed, Vacuum Investment 
Cast Alloys at 1700° F. 
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formation of nitrides and carbo-nitrides is largely 
eliminated. Figure 2 gives stress-rupture curves 
for vacuum melted investment cast alloys at 
1700° F. 

There are other advantages of vacuum cast- 
ing. The investment mold is thoroughly de- 
gassed before casting. The elimination of back 
pressure from gas trapped in the mold by the 
entering alloy allows castings of thin cross sec- 
tion to be poured at temperatures considerably 
lower than would normally be possible with 
gravity pouring in air. The alloy appears bright 
and clear in the casting furnace during remelt- 
ing. Freedom from oxide scum on the surface 
allows closer control of pouring temperatures. 

The low, closely controlled temperature pos- 
sible in vacuum casting gives finer-grained cast- 
ings from nickel-base alloys. Turbine blades, 
which are about 5 in. in length with maximum 
thickness of about 3 in. in the base, are being 
produced in commercial quantities with maxi- 
mum grain size of less than 1/16-in. diameter in 
all sections. Generally, the grain size is smaller 
than this in the airfoil section of the blade. 

The grain size in the airfoil of a Udimet-500 
alloy blade ranged from A.S.T.M. No. 4 to No. 1 
with some grains as large as 1/32 in. in diameter 
in the thicker portion of the airfoil. It would not 
be uncommon to have grains % or % in. in di- 


ameter in a blade of this size cast by usual 


methods. Mr. Miller said that the small uniform 
grain size obtained in these blades would give 
improved fatigue properties and better response 
to heat treatment. 

GMR 235 is a nickel-base material, low in 
strategic alloy content, de- 
veloped by the General 350 
Motors Research Div., De- 
troit, GMR 235 D is a 


Allison is using an aluminum dip on high- 
temperature parts (Aldip process developed by 
General Motors Research Div.) to improve oxi- 
dation and corrosion resistance and give better 
thermal fatigue properties. Parts are given a 
diffusion heat treatment after dipping. Stress- 
rupture properties are improved in the casting 
by heat treatment, as shown by Fig. 3. For 
example, the stress-rupture life of alloy 
GMR 235 D is increased by 125 hr. at 1600° F. 
under 28,000 psi. 

Thermal fatigue is another property which is 
very much in the picture. Mr. Hamilton presented 
Allison to 
test thermal fatigue properties. A turbine blade 
is held by its foot in a vise. 


details of the machine designed at 


; A gas-oxygen flame 
impinges on the leading edge. When a pre- 
determined temperature is reached, the flame 
moves away and the blade is blasted by air to 
cool it rapidly. Thus, the blade is subjected to a 
cycle of thermal shocking. The current program 
of testing is 300 cycles at 2000° F., 100 cycles 
at 2050° F. and 100 cycles at 2100° F., unless 
failure occurs before the schedule is completed 
It takes 15 to 23 sec. for heat-up (depending 
on temperature) and about 8 sec. to cool to 
600° F. Failure by cracking is determined by 
frequent visual or fluorescent penetrant inspec- 
tion of the blade edge. 

Such test results gave added evidence of the 
value of vacuum investment casting. They 
showed that GMR235D alloy blades, Aldip 
treated and diffusion heat treated, gave 70% 
survival when the vacuum melted alloy was 
conventionally When the 


cast. alloy was 


Heat Treated 





slight modification of this 300 
alloy designed specifically 
for vacuum processing. It 


GMR 235D 
(Vacuum) 





has higher hot strength as 
shown by the data in Fig. 3 
brought out at the sym- 





GMR 235D _ 
(Vacuum) 





posium by P. E. Hamilton, 
assistant chief metallurgist 


GMR 235 
(Vacuum) 





GMR 235 
(Vacuum) 





of General Motor’s Allison 
Division. 


Stress-Rupture Life, Hr. 
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Fig. 3.— Average Stress- 
Rupture Life of GMR 235 
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Compared With Newer 
GMR235D_ Alloys at 
1600° F. and 28,000 Psi. 
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vacuum cast, the survival was 100%. However, 
vacuum cast parts cost more, so economic con- 
siderations come into the picture too. 

The slip casting process for making shapes 
consists of dispersing finely divided materials in 
a suspending medium, casting the resultant 
stable suspensions into absorbent molds and 
then sintering to increase density and strength. 
The primary advantage of the slip casting proc- 
ess, according to L. M. Schifferli, Jr., Haynes 
Stellite Co., who discussed this fabrication 
method at the Symposium, is that it makes it 
possible to produce parts economically from 
many high-temperature materials which could 
not be processed by any other method. Figure 
4 shows a variety of parts which have been made 
by the process. Three high-temperature ma- 
terials were used. Their composition is: 


WEIGHT Per CENT 
LT-1l LT-1B LT-2 
Chromium 77 59 25 
Molybdenum _ 20 - 
Tungsten _ — 60 
Aluminum oxide 23 19 15 
Titanium oxide _ 2 _ 


MATERIAL 


In operating the slip casting process, slip 


is poured into a plaster mold cavity. After a 
sufficient wall section has built up, the excess 
slip may be drained simply by inverting the 
mold. A well-prepared slip will allow the re- 
sultant casting to shrink slightly; this helps in 
removal of the shape from the mold. 

After it has dried, the shape must be sintered 
to develop its full value as an engineering ma- 
terial. Sintering is a rather complex physical- 
chemical phenomenon which causes significant 
bonding between grains with elimination of 
substantially all porosity. Solid state sintering 
is done at temperatures considerably below the 
melting point of the materials in the slip. 

Plaster of paris is the most commonly used 
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Fig. 4— A Collection of Mis- 
cellaneous Parts Made by 
Slip Casting. The process 
may be used for fabricating 
such diverse high-tempera- 
ture materials as__ silicon 
nitride, molybdenum disili- 
cide, tungsten, tungsten car- 
bide and metal-ceramic 
mixtures such as chromium- 
aluminum oxide and tungsten- 
chromium-aluminum _ oxide 


mold material. Slips are complex colloidal sus- 
pensions; their properties are determined by 
powder characteristics (size and particle dis- 
tribution), by the characteristics of the liquid 
used as the suspending medium and also by the 
properties of a third additive called a dispersing 
or deflocculating agent. 

Strength at elevated temperatures is outstand- 
ing. They retain appreciable strength at tem- 
peratures considerably above the maximum 
usable temperature for ordinary high-tempera- 
ture alloys. Sintering temperature is generally in 
the range 2850 to 3100° F. Sometimes parts are 
used at temperatures in excess of that at which 
they were sintered. However, impact resistance 
y have essentially no ductility. 
Typical properties of sintered metal-ceramics 
are given in Table I. 


is low; they 


The thermal expansion of sintered metal- 
ceramics is lower than most metals and this 
contributes to good thermal shock resistance. 
Densities are quite high for sintered materials. 
Oxidation resistance is outstanding, especially 
for compositions with high chromium content 
(LT-1 and LT-1B). Oxidation loss at 2200° F. 
for 100 hr. compares favorably with the best 
nickel-base alloys and is superior to the re- 
fractory metals. The tungsten composition 
(LT-2) has rather poor oxidation resistance; in 
spite of this, however, this composition has 
performed well as a rocket nozzle when used 
with solid propellents. 

Slip casting as a method for fabricating parts 
from silicon nitride is well developed. Molyb- 
denum disilicide and tungsten carbide, both with 
and without metallic binder, are being cast into 
parts. Slip casting of refractory metals such as 
tungsten and molybdenum is being evaluated. 

Wrought Alloys — Data presented by D. W. 
Schulz, Haynes Stellite Co., on nickel and cobalt- 
base alloys indicate that mechanical properties 
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Table I — Typical Properties of Sintered Metal-Ceramics 


PROPERTY 


Modulus ofe “lasticity 
Modulus of elasticity 
Transverse strength 
Transverse strength 
Iransverse strength 
Transverse strength 
Compressive strength 
Sintering temperature 
Hardness 
Thermal expansion 
Oxidation resistance 
at 2200° F., 100 hi 
Maximum service temperature 


*Continuous service 


can be increased significantly by cold working. 
He predicted that possibilities here have not 
been fully developed and that prospects of 
obtaining even higher mechanical properties are 
good. 

Cold working by pressing, drawing, rolling 
and associated processes will increase the ulti- 
mate tensile strength, yield strength and 
rupture lives (below the recrystallization tem- 
perature) of these alloys. These improvements 
are generally realized at some sacrifice of elon- 
gation and reduction of area. Another point 
brought out by Mr. Schulz: By properly heat 
treating cold re -duced alloys, room and elevated- 
temperature properties can be increased beyond 
values for cold reduced material alone. 

Cold reduced and cold reduced and aged 
high-temperature alloys are in _ increasing 
demand for such applications as bearings in 
high-te mperature applications, springs, structural 
members and other uses where good mechanical 
properties must be maintained under extremely 
adverse operating conditions. 

Udimet-500 — G. J. Guarnieri and E. J. Vargo, 
Thompson Products, Inc., told the Symposium 
that to achieve the high-temperature strength of 
this alloy in a forged turbine bucket requires 
considerable control of processing and heat 
treating variables. Present-day practices used 
throughout industry for manufacture of Udimet- 
500 buckets result in some compromise of 
strength for ductility (or vice versa) in order to 
get maximum properties in the finished part. 
They presented data to show that ductility in 
this alloy is primarily dependent on mode of 
occurrence of the Ni,(Al, Ti) precipitate while 
the rupture strength at 1650° F. is mainly con- 
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continuous, in. per yr 
intermittent, in. per y1 


tShort-time service 


Units | LT-1 | LT-1B 


psi. at 70° I 36 & 10! 38 x 10° 
psi. at 1800° I 33 x 10° 31 x 10° 
psi. at 70° | $5,000 55,000 
psi at 1800° F. 26.500 54,000 
psi. at 2100° I 16,600 29,000 
psi. at 2400° I 6,700 11,800 
110,000 240,000 
2850° I 2900° I} 


psi. at 70° | 


Rockwell C-scale 37 50 


in. /in. /°F. 1.7>x10°° | 5.2 x 10° 
0.105 0.095 37 
0.13] 0.159 231.0 

2400° F.* | 2800° I 3100° F.t 
3000° F.t | 


tReducing atmosphere 


trolled by grain size. Since these two micro- 
structural features may be controlled independ- 
ently, it should be fe asible to deve lop processing 
methods capable of giving maximum. stress- 
strength together with 
ductility in the fabricated bucket. 


Thompson has investigated several 


rupture adequate 


metal- 
lurgical variables subject to control in processing 
of Udimet-500 turbine buckets with respect to 
ductility and effect on stress-rupture strength 
at 1650° F. Some of the conclusions are: 

l. Increasingly higher solution temperatures 
in the range of 1900 to 2250° F. increase stress- 
rupture life due to the combined effect of grain 
coarsening and increased 
[Ni;(Al, Ti)] phase. 


2. Solution 


solution of the a’ 


temperatures below 1975° F. 


develop inferior stress-rupture properties be- 
cause of the incomplete solution of the a’ phase 
and also (to a lesser extent) because of the high 
degree of spheroidization of the residual a’ 
constituent. 

3. Stress-rupture life at 1650° F. 
insensitive to cooling rate from the solution 


is relatively 


temperature. However, with slower cooling 
there is a trend toward shorter stress- 
rupture life as a result of the a’ agglomeration. 

4. Residual cold work remaining in fabricated 
Udimet-500 will materially reduce its stress- 
rupture life at 1650° F. due to the instability of 
the microstructure. 

5. Maximum rupture strengths at 1650° F. are 
generated by working procedures which retain 
an equivalent cold worked condition of the order 
of 5% followed by reheating at temperatures of 
1975° F. and above to cause grain growth and 
proper solution of the a’ phase. eS 


rates, 
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Pearlitic Malleable Iron— 


an Industry Report 


By JAMES H. LANSING* 


The rapid increase in use of pearlitic malleable castings 
in recent years presages many new areas of application 


for the future. (A-general, 17-57; CI-s) 


Tue cnarr on the opposite page, depicting 
the growth of pearlitic malleable castings, speaks 
for the many new applications this material has 
found over the past few years. Because these 
castings are readily machinable, have excellent 
resistance to wear, are shock resistant and are 
easily selectively hardened, they are replacing 
steel forgings and parts formerly machined from 
bar stock in a variety of applications. 

‘lhey have the inherent advantages of cast- 
ings: Interiors may be cored out as required 
and metal may be placed in the required loca- 
tions in light or heavy sections, or both. The 
metal is free from centerline shrinkage, gas holes, 
segregation, and, with a uniform structure, has 
uniform strength in all directions. Indicative 
of the broad range of properties obtainable in 
pearlitic malleable irons are the specifications of 
the American Society for Testing Materials; 
Specification A 220-55T provides the values 
given in Table I. 

Pearlitic malleable differs from standard mal- 
leable in that it contains a controlled amount 
of combined carbon, accounting for its higher 


*Technical and Research Director, Malleable 
Founders’ Society, Cleveland. 


Table I — Properties of A.S.T.M. Pearlitic Malleable Iron Castings 


hardness, strength, and wear resistance. Stand- 
ard malleable, on the other hand, is used where 
good strength, toughness and outstanding ma- 
chinability are needed but where the higher 
strength, hardness and wear resistance of pearl- 
itic malleable are not essential. For example, 
in automotive applications, steering gear hous- 
ings are made of standard malleable, but auto- 
matic transmission parts are made of pearlitic 
malleable. 

True for pearlitic malleable, as for standard 
malleable iron, is the fact that the test bars 
which are used as a measure of the properties 
of the material are not pieces machined from 
heavy, specially cast and fed blocks. On the 
contrary, they are a regular lot of pearlitic mal- 
leable castings, normally gated and fed, and 
tested in the same dimensions in which they 
are cast. With bar sections ranging from 5% to 
% in., they are truly representative of the normal 
¥, to 1%-in. sections in which pearlitic malle- 
ables are most widely produced and used. 

Pearlitic malleable castings are used in a wide 
variety of applications. Grades 45007, 48004, 
53004, 60003 and 80002 are used widely in the 
automotive industry as adapted 
by considerations of both produc- 
tion and use. Figure 1 shows a 
number of other applications in- 





7 if 
TENSILE STRENGTH, | YIELD STRENGTH, | ELONGATION IN2IN., 


cluding gun frames, gear hous- 








| 

one en ie | Mi. ings, reamers, swivel parts, 

. - - —— ratchets, pintles, shifter forks, gear 
45010 | 65,000 psi. 45,000 psi. 0% blanks, and cutter frames, made 
45007 | 68,000 | 45,000 : to the 45010 and 50007 specifica- 
48004 | 70,000 48,000 4 ‘ Oth atlinlie Kanal 
50007 75,000 50,000 7 tions. er uses include bearing 
53004 | 80,000 | 53,000 4 wedges for freight car roller bear- 
60003 | 80,000 60,000 3 ings, farm implement suspension 
oi ae 80.000 | 2 arms, frame side rails and gears, 
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Fig. 1 — Typical Castings 
of Pearlitic Malleable 
Iron for General Ap- 
plication (Courtesy East- 
ern Malleable Iron Co.) 


Fig. 2—In the Last Dec- 
ade There Has Been a 
Remarkable Increase in the 
Use of Pearlitic Malleable 
Iron Castings as Shown by 
the Tonnage Figures Re- 
ported by Members of the 
Malleable Founders’ Society 


large nuts for tractor drive shafts, and chain and 
conveyer equipment parts. Pearlitic malleables 
are particularly adapted to localized hardening. 
By either flame or induction heating, they are 
readily hardened to Rockwell C-50 to 55. 
Pearlitic malleable is not a new material but 
rather a time-tried one which has long demon- 
strated its usefulness and dependability. In 
1919, Enrique Touceda, professor of metallurgy 
at Rensselaer Polytechnic Institute, described 
it at a meeting of the American Society of 
Mechanical Engineers, quoting tensile strength 
values of 80,000 psi. with 5% elongation. It is 
in the last decade, however, that greatest use 
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has been made of the material. As will be seen 
from the chart in Fig. 2, its use increased more 
than 200% in this period. The user or prospec- 
tive user today will find fifty or more malleable 
iron foundries (well distributed geographically ) 
ready to supply pearlitic malleable castings. 
The article on the following pages by Carl 
F. Joseph tells about progress being made in 
using pearlitic malleable for automotive parts. 
Other manufacturers can also make greater use 
of the outstanding properties of this material. @ 


> 
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More on Pearlitic Malleable 








Castings for Tougher Jobs 


By CARL F. JOSEPH* 


Pearlitic malleable iron is opening up new horizons 

for cast parts in automotive and other applications. 

A new grade of higher hardness has been developed for parts 

requiring good wear resistance and toughness in the as-machined state. 
Machinable castings, with even higher hardness — up to 

Brinell 400 — are in the future picture. (Q-general, Ell, 17-27; CI-s) 


Casrasi E FERROUS ALLOYS are used exten- 


siv ely today to make automotive parts. Because 
of their ability to assume the shape of practically 
any molded cavity, they allow greater freedom 
in design. They also possess certain inherent 
physical characteristics not present in the forge- 
able alloys. 

This is particularly the case with ArmaSteel, 
a closely controlled pearlitic malleable iron pro- 
duced by Central Foundry Div., General Motors 
Corp. The presence of temper carbon particles 
in a steel matrix contributes to these desirable 
properties: (a) high resistance to mechanical 
wear, (b) excellent damping qualities, (c) supe- 
rior machinability, (d) good selective hardening, 
(e) high yield strength ratio, and (f) excellent 
finishing properties. 


Production Control 


The production of ArmaSteel starts with accu- 
rate control of all raw materials going into the 
melting process. The history of ferro-alloys, pig 
iron, steel, refractories and coke is carefully 
studied. Quality of raw materials plays an im- 
portant role in making a good casting. Some- 
times this is not too clearly appreciated by 
foundrymen. The methods used in melting the 
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iron are not as important as the control of the 
process. 
for pearlitic malleable iron — all producing qual- 
ity castings. Chemical analysis and metallurgical] 
controls are common practice in modern found- 
ries today. 


There are numerous melting methods 


Chromium Control 


The most vicious element the metallurgist in 
the malleable foundry has to contend with is 
chromium. Small amounts are detrimental to the 
structure and physical properties of the iron. 
Most malleable iron producers must keep chro- 
mium under 0.03% and prefer 0.01 to 0.02%. The 
increasing use of steel scrap in the charge makes 
it a problem, at times, to keep the chromium 
under 0.03%. For example, some stainless scrap 
may accidentally find its way into a baled sheet 
bundle, or high- -chromium bar stock may get 
into structural steel scrap. This could easily 
bring the chromium up to 0.10% which is too high 
for most malleable iron producers. 

A satisfactory way to counteract chromium is 
by the use of boron in amounts of 0.001 to 
0.004%. Boron allows a higher percentage of 


*Technical Director, 


Central Foundry Div., 
General Motors Corp., 


Saginaw, Mich. 
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chromium in the iron without detrimental effect. 
It also speeds up the annealing cycle in heat 
treating the white iron casting. At Central 
Foundry we have reduced our annealing time by 
one third by using about 0.003% B. 
added to our cupola charge in 50% ferrosilicon 
alloy, purchased containing 0.050 to 0.060% B. 
Additional boron can be added to the molten 


Boron is 


iron using ferroboron, if needed. Boron also 
produces much smaller temper carbon spots, 
which aids materially in machinability, without 
appreciably affecting physical properties of the 
metal. 

Some heavy parts are difficult to cast without 
getting primary graphite. This must be avoided. 
The addition of small amounts of bismuth (U.S. 
Patent 2,370,225, to General Motors Corp.) pre- 
vents the formation of primary graphite in cast- 
ings 2 in. or larger in cross section. We use 
0.005% Bi on medium-size castings, up to 0.02% 
on large castings. It improves the physical prop- 
erties without any adverse effect on the annealing 
cycle. 


Heat Treatment 


Heat treatment of our pearlitic malleable iron 
is done in atmosphere-controlled, radiant tube 
furnaces such as shown in Fig. 1. They are 120 
ft. long by 18 ft. wide and are as gas tight as 
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Fig. 1 — Heat Treatment of Pearlitic Malle- 
able Iron Castings Is Done in a Controlled- 
Atmosphere, Radiant Tube Furnace at Cen- 
tral Foundry Div., General Motors Corp 


possible. Neutralene gas is used to maintain a 


high-nitrogen atmosphere. The atmosphere in 
the furnace contains no free OXY gen, has up to 
15% carbon monoxide, less than 1% carbon diox 


ide (normally 0.5% ), and the balance is nitrogen. 


This type atmosphere allows the temper carbon 


spots to come close to the surface of the casting 
which improves the machining characteristics 
of the metal. 


phere in the furnace in annealing pearlitic malle- 


Maintaining the proper atmos 


able iron is the key to improved machinability. 

Heat treatment is conducted in two steps: The 
first operation is a malleablizing treatment of the 
This is conducted at 1700 
to 1750° F. for 10 hr. or more, depending on the 
composition of the iron. 


white iron casting. 


The high temperature 
breaks down the massive iron 
mentite ). 


carbide (ce- 
This treatment is followed by rapid 
air quenching from about 1600° F. 
are dumped and spread out on a metal screen 


Castings 


and air is blown through them to give a uniform, 
fast air quench. 

The second step is to temper the castings to a 
uniform Brinell hardness, which is done by heat- 
ing for about 4 hr. at the temperature needed to 
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Standard Malleable Iron (110 to 145 


1 159 to 1 
$.A.E. 1112 (179 to 
$.A.E. 1137 (187 to 
$.A.E. 1035 (174 to 21 

1 179 to 
S.A.E. 1045 (179 to 
$.A.E. 5040 (179 to 

Iron (160 to 1 
Medium Cast iron (193 to 
Hard Iron to 
50 60 70 80 
Machinability Rating, % 


meet the hardness specification. This will vary 
from 1250° F. for Brinell 197 to 241 up to 1330° 
F. for Brinell 163 to 207. 

The use of oil quenched and tempered pearlitic 
malleable iron is increasing due to better uni- 
formity of castings, higher physical properties 
and improved machinability. This class of cast- 
ings is produced by taking the iron from the first 
step in the heat treating cycle, reheating to 1550 
to 1600° F., holding at this temperature for 20 
to 30 min., then quenching in oil. This gives a 
hard, brittle casting with hardness above Rock- 
well C-50. The material is tempered to the 
Brinell hardness ranges of 269 to 302, 241 to 269, 
197 to 241, or 197 to 229 — depending on the class 
being produced. 


Mechanical Properties 


Properties of pearlitic malleable iron differ 
according to the amount of combined carbon in 
the matrix. As the combined carbon increases, 
the casting becomes stronger, harder and less 
ductile. By controlling the amount of combined 
carbon, the mechanical properties can be varied 
over a wide range. Some of the most important 
characteristics are detailed below: 

1. Machinability—In general, the machina- 
bility of pearlitic malleable iron is 10 to 30% 
better than steel forgings of the same hardness. 
Figure 2 compares the machinability rating of 
cast iron and various types of steel forgings with 
pearlitic malleable iron. The comparison is 
based on S.A.E. 1112 (bessemer screw stock) at 
100%. In establishing these ratings, the cutting 
speed of S.A.E. 1112 is at the rate generally used 
in turning it on automatic screw machines. The 
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Fig. 2— This Chart Com- 
pares the Machinability of 
Several Grades of Pearlitic 
Malleable (Solid Color Bars) 
With Other Cast Irons and 
Forging Steels. Comparison 
basis: S.A.E. 1112 (bes- 
semer screw stock) equals 
100%. Numbers in paren- 
theses are Brinell hard- 
ness ranges for the materials 


rate of feed is altered to that necessary to give 
normal tool life and good surface finish when 
using a coolant. When other metals are tested, 
the feeds and speeds are varied from these basic 
rates to whatever rate is necessary to get a 


comparable surface finish. The ratio of these 


Fig. 3 — This Automotive Rocker Arm Cast From 
Pearlitic Malleable Iron Operates on a Hard- 
ened Steel Shaft Without a Bronze Brushing 


rates and speeds and feeds for each metal de- 
termines the per cent machinability. 

2. Damping Characteristics — This property is 
valuable in motors using a cast crankshaft where 
quiet operation is a factor. A typical shell 
molded automotive crankshaft weighs 64 lb.; 
finished machined it weighs 54 lb. — or 10 lb. of 
metal removed in machining as against 14 Ib. for 
an equivalent forged crankshaft. 

3. Bearing Properties—In the automotive 
rocker arm (Fig. 3), operating on a hardened 
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Table I — Properties and Applications of Various Types of 
Pearlitic Malleable Now Produced at Central Foundry 


—E 2 nee 





a _ - 
ARMASTEEIL TENSILE YIELD ELONGATION BRINELI IMPRESSION 

( iw " oe a APPLICATIONS 
FRADE STRENGTH | STRENGTH IN 2 IN. | HARDNESS 3000 KG 


—— a 7 





—> -—— ee en a 


GM86M 70,000 psi 48,000 psi. 5.0% 163-207 +.2-4.7 mm. | For less highly stressed parts, 
such as C-clamps, auto front 
wheel hubs, diesel engine 
brackets, levers, transmission 
cases 

GM85M 80.000 60,000 For moderate strength parts 

Used for diesel pistons, dif- 

ferential axle cases, rocker 

arms, and transmission clutch 
hubs 


GM84M 100,000 80,000 For high-strength applica- 


tions, such as transmission 
gears and universal joints 
Parts are oil quenched and 
tempered at foundry. 
GM88M 105,000 85,000 d 269-302 Strength characteristics sim- 
ilar to alloy steel forgings 
Good wear resistance and 
high yield strength in as- 
machined state. Used for 
universal joint yoke, idle and 
balancer gears, planet gear 


carrie! 





steel shaft, the bronze brushing can be elim- 
inated. This illustrates the excellent nonseizing 
properties of metal-to-metal wear. 

4. Fine Machine Finish — Pearlitic malleable 
iron gives a mirror-like finish in parts requiring 
it, such as the diesel engine piston in Fig. 4. 

5. High Yield Ratio— With a minimum yield 
strength of 80,000 psi. and ultimate tensile 
strength of 100,000 psi., pearlitic malleable iron 
can be used for many highly stressed parts, such 
as the universal joint yoke in Fig. 5. 

6. Selective Hardening — Pearlitic malleable 
iron responds readily to localized hardening 
either by flame or induction methods. Harden- 
ing is used on many parts, such as rocker arms, 
small crankshafts and gears. 

7. Fatigue Life — Resistance to fatigue failure 
is good. The endurance limit of pearlitic mallea- 
ble iron is 0.50 to 0.55 of the tensile strength. 
It is less sensitive to notches in fatigue than is 
steel — an important design consideration. The 
“K” ratio as compared with steel is about 1.5. 

8. Wear Resistance — It withstands excessive 

Fig. 4—Pearlitic Malleable Iron Is wear under heavy loads at high speed. Castings 
Used for This Diesel Engine Piston are oil quenched to give a uniform structure of 
Which Is Given a Mirror-Like Finish high strength, free from ferrite. 
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Classes of Material 


Pearlitic malleable iron is produced in various 
classifications at Central Foundry to meet a broad 
range of applications, as shown in Table I. 
Parts which do not demand the highest mechan- 
ical properties can be made under specification 
GM 86M with some gain in machinability 
because of the lower Brinell hardness. Repre- 
sentative castings are C-clamps, automobile front 
wheel hubs, many diesel engine brackets and 
levers, and some automatic transmission drums. 
GM 85M is a medium-strength material which 
is used in applications such as diesel pistons, 
differential axle cases, 
mission clutch hubs. 
fication GM 84M (high-strength material) are 
oil quenched and tempered at the foundry. 
They find uses in transmission gears and uni- 
versal joint yokes. 

Our newest pearlitic malleable iron, GM 88 M, 
was developed for parts requiring high strength 
and good wear resistance in the 
state. 


rocker arms and trans- 
Castings made from speci- 


as-machined 
This new material is oil quenched and 
tempered to a Brinell hardness specification of 
269 to 302. No further heat treating is required. 
It was developed to take advantage of recent 
advances in machines and cutting tools which 
make it possible to machine materials of higher 
hardness. The object of the development was 


Fig. 5 — High Strength of Pearlitic Malle- 
able Iron Makes It Useful for Highly Stressed 
Parts Such as This Universal Joint Yoke 
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Fig. 6 — This Planet Gear Carrier for an Auto- 
matic Transmission Is Made From a Neu 
Class of Pearlitic Malleable Iron Having Ten- 
sile Strength of 105,000, Yield Strength of 
85,000 and Brinell Hardness in the Range 
269 to 302. It combines exceptional wear 
resistance with machinability in a cast part 


a casting with increased wear resistance and 
high yield strength, yet retaining machinability. 

GM 88 M grade is applicable to many parts. 
It is being used for an automatic transmission 
planet gear carrier (Fig. 6), formerly produced 
as an alloy steel forging. Idler and balancer 
gears on diesel engines were formerly made from 
carburized and hardened steel. GM 88 M_ is 
being used here with excellent results at consider- 
able cost savings. It is also being used for cast- 
ings for universal joint yokes where it has re- 
placed steel forgings of Brinell 225 to 285. 

Pearlitic malleable iron in a harder Brinell 
range (approaching 400) is being investigated 
for applications needing extremely good wear 
characteristics along with machinability. Cast- 
ings with a Brinell range of 311 to 375 are now 
being produced for automotive parts. 


Quality Control 


There was a time when visual inspection was 


the only test to sort out defective castings. Now 
regular procedure on many castings calls for 
100% inspection using Magnaflux or Magnaglo 
checking, sonic testing, or 
finding defective parts. 


some other means of 
Cobalt-60 radiography 
is used regularly to determine whether a casting 
is properly gated for production ard also to 
check castings periodically during operation. 
With modern means of testing available, there 
is no reason for foundries to produce anything 
except sound, reliable castings. =] 
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Metallurgy in Industry— 


a Look Ahead 


By H. S. TURNER* 


To devise the necessary new and cheaper operations, the process metallurgist 
must work with models and pilot plants (not miniatures of present equipment) 
and be guided by a thorough knowledge of reaction kinetics. 

Experimentation with existing full-scale equipment is certain to give results 


of only limited application and at high cost. 


Tuer IS SPECIAL PRESSURE on the steel 
industry to control operating costs and the capi- 
tal requirements of new facilities. This pressure 
arises from the price-cost squeeze so painfully 
applied in the current period of reduced opera- 
tion; it introduces serious financial obstacles to 
the industry's plans for the new plant inevitably 
required as our economy resumes its long-range 
expansion. Bankers and other investors exercise 
understandable reluctance to invest in new — 
but “more of the same” — facilities that will 


certainly show a lower net return than is pro- 


duced by present partially depreciated steel 
plants. 


This sounds like a problem for our friends in 
finance, production, and sales; and it is, but 
it is my interpretation that greatest leverage in 
this campaign can be exercised by the process 
metallurgist, and on this account larger propor- 
tions of our scientific and engineering efforts 
must be directed toward supporting his efforts. 

However, there are several factors which 
handicap his effectiveness and restrict his free- 
dom of choice in attacking these problems. First, 
I would like to point out the principal grind- 
stone with which we must abrade his nose: He 
must achieve much of his success in controlling 
costs while relying on present equipment, in spite 
of the restrictions it imposes on his program. 

We are employing devices that were con- 
ceived many years ago for a substantial share of 
the smelting and refining steps in use today. 
These are devices based on qualities, relative 
abundance and costs of raw materials that bear 
little resemblance to present circumstances and 
no resemblance at all to those of the future. 
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They were created in a technology that is only 
a skeleton of our knowle sdge of today. 
Nevertheless, 


proportion of the desirable improvements in 


we must achieve a substantial 


over-all cost and productivity with the equipment 
we now have. We just do not have the money 
to make any wholesale replacement of our con- 
ventional plants. We wouldn't have it even if 
new process concepts offered the incentives to 
do SO. 

To the outsider, this application of new tech- 
nology to old equipment must seem like putting 
tubeless tires on a Model-T Ford. But the alter- 
native is to buy a $15,000 late model Rolls Royce 
for the same basic transportation job: So we 
are just going to have to keep on polishing that 
Model-T. 

So much for the factors which restrict free- 
dom of choice. Now for some new tools which 
we must give to our process metallurgists. The 
first is greatly expanded data on applicable 
chemical kinetics. The second is an adequate 
understanding of the chemical engineering pro- 
portionality between pilot plant and tonnage 
equipment that would then open the way for 
the development of useful process improvements 
at lower cost. Let us look at each of them with 
some care. 

Kinetics —-To date, much of the improved 
understanding of our iron and steelmaking proc- 
esses has come through thermodynamics and 


*Vice-President, Research and Development, 
Jones & Laughlin Steel Corp., Pittsburgh. Portions 
of a paper presented at the Silver Anniversary cele- 
bration of Metals Research Laboratory, 


Carnegie 
Institute of Technology. 
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equilibrium studies. This is the natural result 
of taking up first things first and deferring the 
relatively more difficult job of dealing with rates 
and reaction mechanisms. Now, however, the 
tougher job must be given more emphasis. 

The practical application of a knowledge of 
kinetics is especially well illustrated by two 
examples from the chemical field. In these 
examples, kinetic data were carefully used to 
thwart Nature by denying equilibrium controls 
x opportunity to take place. The result was 

» pluck out of the reaction system a highly 
he product which would otherwise have 
been undesirably altered by reactions continuing 
to move toward equilibrium. 

Exposure of the pentane hydrocarbon to 
chlorine had hitherto led to a profuse mixture 
of products containing one, two and more chlo- 
rine atoms scattered over the pentane molecule. 
The incentive for a controlled chlorination lead- 
ing to a single substitution at a predetermined 
point lay in the prospects for making a low-cost 
intermediate useful in synthesizing plasticizers 
and other valuable organic chemical products. 
Equilibrium data for the reaction between pen- 
tanes and chlorine gave little encouragement. 
Nevertheless, such conditions were found. The 
system was starved, as far as chlorine is con- 
cerned, during a carefully calculated residence 
time under selected reaction conditions; then 
the gases were quenched and all reaction ceased. 
Therefore, despite the readier responses of the 
monochlorinated pentane to further chlorination, 
when compared with the original pentane, the 
desired monochloro product was produced and 
successfully extracted from the system. An 
entirely new approach for commercial develop- 
ment was opened. 


A more recent example is in the production of 
acetylene from natural gas. 
lated that methylene radicals — and in all likeli- 
hood acetylene itself — could be an intermediate 
product in the complete oxidation of methane. 
However, it took some very careful studies of 
the kinetics and mechanism to take advantage of 


It had been postu- 


the transitory existence of the much-desired 
acetylene to make this valuable chemical prod- 
uct from a cheap raw material. As a conse- 
quence, at least two commercial processes have 
been evolved which provide for most carefully 
calculated residence times and reaction condi- 
tions that favor the formation of the desired 
product. Quenching prevents destruction of the 
desired product by the otherwise logical se- 
quence of oxidation reactions. 


110 


There is nothing simple about this kind of 
work. And to put it in full perspective, a con- 
siderable increase in available data on the 
appropriate chemical kinetics would only sup- 
plement the other rate-limiting data nee .ded by 
the process metallurgist. In a practical sense, 
attempts to juggle the operating procedures of 
existing facilities to take advantage of the data 
we now have soon reveal that the real limitation 
to increased production lies in some item of 
mundane equipment such as the speed of the 
skip hoist or the size of a charging box. How- 
ever, my strong vote for more kinetic data re- 
mains on the record. University research, oper- 
ating with those in industry responsible for the 
applications, provides an effective team for the 
job. 

Beyond application to existing processes, this 
information stands as a prerequisite for the 
effective development of the new processes and 
equipment that are surely destined to become 
major factors in the expansion of the steel indus- 
try over the next 25 years. Here we can hope 
for entirely new concepts of process and equip- 
ment design. We may be seeing some of a 
“dream sequence” now in the publicity given 
to the “Cyclosteel” process of the British. I will 
not evaluate this other than to say that it repre- 
sents an imaginative approach toward a low 
residence time, low-inventory reactor that could 
truly revolutionize our conventional concepts 
of basic metallurgical process equipment. 

Pilot Plant — It would indeed be wonderful to 
be rich in resources of kinetic data, but to put 
them to work efficiently we need a second 
tool. This tool is a working understanding of the 
scale-up factors of our major processes that 
would permit effective and efficient investiga- 
tions on a pilot-plant scale. This target is 
reached through the development of theory de- 
rived from the study of models. To the best 
of my knowledge, work along these lines in 
the steel industry aimed at predicting large- 
scale operations is very limited — for example, 
only at the Swinden Laboratories England, 
at Monroeville Laboratories in the United States, 
and perhaps a few others. 

I would like to quote from a text published 
in 1957 by Johnstone and Thring, “Pilot Plant 
Models and Scale-Up Methods”: 

“It is a well-known fact that small-scale experi- 
ments are not always a reliable guide to large- 
scale results. Sometimes a process which is 
satisfactory in the pilot plant gives trouble on 
the large scale, and occasionally the reverse is 
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found. The aim of model theory is to predict 
these scale effects and determine the conditions 
(if any) under which the performance of a model 
gives a reliable forecast of prototype perform- 
ance. Quantitative methods of correlating the 
behavior of model and full-scale systems have 
been successful in other fields of engineering, 
notably the design of ships and aircraft, where 
processes occur that are too complex for mathe- 
matical analysis. Applied to chemical plant 
[and I interpret this to be the equivalent of 
metallurgical processes] such methods point to 
the possibility of larger scale-up factors, smaller 
and cheaper pilot plants, and more dependable 
results.” 

A usable model theory is founded on an under- 
standing of the components of the process — an 
understanding that is independent of the specific 
equipment in which these data are collected. 


This concept and its application to design are 
the great contributions of chemical engineers 
and they have opened the way to rapid develop- 
ment of processes in the chemical and petroleum 
industries. By contrast, we in the steel industry 
have not devised effective pilot units or models 
of major components. And until we do, process 
developments and improvements will come very 
slowly and expensively. 

Large Equipment — For example, our knowl- 
edge of the blast furnace (in any engineering 
sense) is tied quantitatively to a particular 
furnace. All proposals for design or process 
changes can be evaluated only on full-scale 
furnaces. This means that too few such ideas 
are ever tried and when they are tried the data 
collected over the narrow operating range avail- 
able to the experimenter are generally too limited 


to have useful significance. (Cont. on page 174) 





X-Ray Studies for the Student 


and the Practitioner 


ELEMENTS OF X-Ray DIFFRACTION, by B. D. 
Cullity, Addison-Wesley Publishing Co., Inc., 
Cambridge, Mass., 1956. 514 p. $10. 


Reviewed by H. C. STUMPF* 


Tue avruor’s PLAN is to introduce the 
subject to the student who has no previous 
knowledge of the field, supply him with a back- 
ground in X-ray diffraction theory and teach him 
the methods and techniques used in the labora- 
tory. Crystallographic aspects are treated in a 
~ *Dr. Stumpf is head of the X-ray section, physical 
metallurgy div., Alcoa Research Laboratories, New 
Kensington, Pa. 
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summary manner, as are mathematical and 
theoretical details. The obvious target of the 
book is the student of physical metallurgy. 
Most of the applications pertain to physical 
metallurgy, and the emphasis is on methods 
rather than on metallic structure in some contrast 
to the well-known text by Barrett. 

The book starts with four basic chapters de- 
scribing the properties of X-rays, crystal geome- 
try, and the diffraction of X-rays. Emphasis is 
placed upon the application of pertinent mathe- 
matical relations rather than derivation. The 
principles of the stereographic projection are 
outlined in this section. 

Chapters are devoted to the Laue method, 
powder diffraction, and diffractometer measure- 
ments. A wide field is covered in limited space, 
including camera geometry, collimation, mono- 
chromatization, and counter performance. As 
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background material the text makes interesting 


reading. 

The remainder and major part of the book dis- 
cusses applications. Included, among other 
topics, are crystal orientation, preferred orienta- 
tion, parameter measurement, 
studies, 


phase diagram 
and stress measure- 
This section, in short, describes all of the 
X-ray diffraction techniques commonly used in 
metallurgical laboratories. 


chemical analysis, 
ment. 


Here will be found 
many of the details missing in earlier chapters. 
At the end of each chapter are problems de- 
signed to illustrate and amplify the meaning of 
the text. The book closes with a list of recom- 
mended reference sources and a number of 
appendices including — tables. 

Used in conjunction with a well-supervised 
laboratory course, this book presents a well- 
rounded introduction to X- ray diffraction meth- 
ods for the student of physical metallurgy. It 
provides suitable grounding for a student in- 
volved in a scholastic research project. Experi- 
ence will soon teach him, however, that he has 
merely acquired the rudiments of the subject 
and that it will be necessary to consult more 
detailed references in regard to both diffraction 
theory and application, and to alloy structure. 
The author has succeeded quite well in his intent. 


SMALL ANGLE SCATTERING OF X-Rays, by 
Andre Guinier and Gerard Fournet, trans- 
lated by C. B. Walker, John Wiley and 
Sons, Inc., New York, 1955. 268 p. $7.50. 


Reviewed by E. G. HANEY* 


Tus TIMELY MONOGRAPH presents the most 
complete and authoritative account to date of 
both the theory and practice of small-angle 


scattering of X-rays. Other books or articles on 
X-rays treat the subject only in a limited manner, 
if at all. The contents are thoughtfully pre- 
sented in six chapters consisting of a brief intro- 
duction, a comprehensive treatment of funda- 
mental theory, description of experimental appa- 
ratus and techniques in detail, interpretation of 
experimental results, comparison with other 
methods, and a final chapter on applications. 
The text is followed by a bibliography of 569 
titles, a revision of one issued in 1952 by the 
American Crystallographic Association. A ma- 
jority of the papers listed are more recent than 


*Dr. Haney is research engineer in the X-ray 
section, physical metallurgy div., Alcoa Research 
Laboratories, New Kensington, Pa. 
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1948, showing active interest in small-angle scat- 
tering over the past decade. 

Small-angle scattering of X-rays, as the name 
implies, is observed within a few degrees of the 
primary beam, result of variations in 
electron density with a periodicity large com- 
pared with wave length. Since small-angle scat- 
tering is only related to the distribution of matter, 
a crystalline sample is not a necessary prerequi- 
site for its application as in the case of X-ray dif- 
fraction. The angular distribution of the scat- 
tered intensity discloses the size and indicates 
the shape of fine particles 
regions. 


being a 


of heterogeneous 
The applications for this versatile physi- 
cal technique include such diverse fields as 
biology, metallurgy, mineralogy, and chemistry, 
as illustrated by some of the “particles” studied — 
namely, viruses, proteins, carbon blacks, colloids, 
micelles, tiny voids in cold worked metals and 
precipitation nuclei in alloys. Perhaps as far as 
the metallurgist is concerned the most important 
application is in supersaturated solid solutions 
where the first stages of precipitation can be 
studied. Also the clustering of like atoms in 
equilibrium solid solutions can be detected. 

The chapter on general theory is necessarily 
long since it covers about every possibility that 
can give small-angle scattering —for example, 
spherical particles, irregular particles, homoge- 
neous and heterogeneous dispersions, and dilute 
solutions. However, the theoretical treatment 
assumes single scattering; the effects of multiple 
scattering, such as refraction and extinction, are 
ignored. 

The book probably makes its most significant 
contribution in describing in detail the essential 
experimental requirements and the procedures 
necessary for the interpretation of results. In 
so doing, the authors disclose some fallacies in 
past treatments of experimental data. Th« 
authors are to be congratulated for clarifying 
such cases and pointing out the limitations of 
the method. As a result of their efforts, small- 
angle scattering now has a more solid founda- 
tion, but it would appear that more experience 
with both the method aad the interpretations of 
results may be necessary before quantitative 
results can be considered reliable. 

This book is recommended to all who should 
be aware of such new techniques and it should 
be consulted by those who are working in the 
field of X-ray diffraction. The last four chapters 
will be especially welcomed by nonspecialists 
in diffraction who are engaged in small-angle 
scattering or anticipate its use. S$ 
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Select the Exact Isothermal 
Quench Rate You Need... 


PROCESSING 
COSTS CUT IN HALF! 


Processing costs were reduced 50% 
by this Ajax Cataract Quench in- 
stallation. A1S1-8615 steel spindles 
are simultaneously carburized and 
martempered with one heating of 
the work. Write for Ajax Case 
History Bulletin 700. 


REPRODUCE IT AT WILL! 


6” STEEL SECTIONS 


care martempered and sections 
up to 11%,” are austempered 
commercially in Ajax Cataract 
Quench Furnaces like these. 


AJAX ELECTRIC COMPANY 
910 Frankford Ave. Philadelphia 23, Pa. 


Associates: Ajax Electrothermic Corp. 


Ajax Engineering Corp. 


Complete control of quenching severity plus easy re- 
produceability are keynotes of the pump-operated Ajax 
Salt Bath Cataract Quench Furnace. A simple setting of 
the variable-speed pump drive adjusts the flow of molten 
salt to any desired rate for slow or rapid quenching. Even 
the direction of flow can be reversed . . . a feature that 
has proved highly useful in certain critical quenching 
operations. 

With this new Ajax Furnace, any steel that can be 
hardened satisfactorily in oil can now be austempered or 
martempered—with all the advantages that only salt bath 
quenching can give. 

Uniform hardness is assured. Quench cracks are elim- 
inated. Distortion is so negligible that finish machining 
of parts can usually be completed before they are hard- 
ened. Toughness and ductility are increased. 


Write for Ajax Isothermal Quench Bulletin 





U TG REN 
SALT BATH FURNACES 


(Internally heated. Electric and Gas-Fired Types) 





Leaders in Salt Bath Progress since 1936 
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Brittleness of Carbides 


CoLuMBus, OHIO 
There could be some _ technical 
confusion over a sentence in Dr. 
Hausner’s fine article in the January 
1958 issue of Metal Progress. On 
p. 196 is the statement, “They 
[referring to Meerson and Samsanov] 
believe that the brittleness of the 
standard WK 3 tool with 3% cobalt 
binder is due to segregation of the 
WC-W.C eutectic”. Carbide tech- 
nologists will recognize readily that 
Meerson and Samsanov just couldn't 
believe in such a hypothesis! 
Perhaps the statement resulted 
from translation or over-condensation 
of the thought expressed in the para- 
graph in the paper by Meerson and 
Samsanov which can be translated 
in part as follows: “Attempts to 
increase the efficiency of hard alloy 
tools . . . by their preparation . . . 
from cast alley of WC-W.C eutectic 
. did not show positive results 
because of increasing brittleness. 
This is also the reason that 
WK3 (WC with 3% cobalt) has 
not found more extensive use.” 
R. B. Fiscuer, Chief 
Physical Metallurgy Div. 
Battelle Memorial Institute 


“Climate” for 
Crash Programs 


Aurora, ILL. 

The “Critical Point” about the in- 
vention of 4340 steel in the Feb- 
ruary issue is very good. It illustrates 
how technology is commonly ap- 
plied. Few people are interested in 
better designs, materials or processes, 
no matter how superior they may be, 
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if present designs, materials and 
processes are doing what is expected 
of them. It is when they fail to 
perform, sell or make a profit that 
new ideas — such as 4340 in place 
of 3240 — are eagerly grasped. 

Try to sell the average man a life 
preserver and he puts up a lot of 
sales resistance. He is very certain 
he doesn’t need it but when he falls 
into the water, he will clutch des- 
perately at a straw. For similar 
reasons industrial progress develops 
in a slow, erratic and negative way, 
at a rate which is proportional to 
the number of emergencies which 
arise. At a time with few emer- 
gencies, creative people — scientists, 
inventors, designers, engineers — 
can beat their brains out and make 
their persistence thoroughly offen- 
sive to their associates and superiors 
by promoting developments which 
actually have a great deal of merit. 
If they have the foresight and 
patience to hold their creative ideas 
in reserve, but on the tip of their 
tongues, when emergencies do arrive, 
they may become the heroes of the 
hour. If no emergency arises, the 
idea may never have an opportunity 
to be put into effect. Under this 
usual procedure, progress is only a 
small fraction of what it might be. 

In an emergency, 4340 was cre- 
ated in 5 min., but if it had taken 5 
hr., it is unlikely it would have been 
fatal. With sputniks traveling 5 
miles per sec. and nuclear reactions 
in 5 millionths of a second releas- 
ing more energy than was used in 
several dozen major wars of the past, 
we do not have even 5 sec. to find 
the solution to the emergencies 
which from here on can face us at 
any instant. 


It appears that to be safe in the 


future, we must anticipate our emer- 
gencies and find solutions to them 
well in advance. This calls for indi- 
viduals with the very maximum of 
vision, ingenuity and creative ability. 
It is certainly no assignment for com- 
placent and unimaginative conform- 
ists who have little conception of, 
and_ less 
universe. 
It is probable that the funda- 
mental principles of psychology, 
tactfully applied to human emotions 
for the promotion of understanding 
and cooperation and alleviation of 
prejudices and antagonisms among 
different groups, can be far more 
effective in preventing cataclysmic 
emergencies than can _ nuclear 
physics, metallurgy and chemistry 
in creating interstellar space ships 
and unlimited energy production. In 
this same vein of thought follows the 
editor's “A Thought on Sputnik” in 
the same February issue of Metal 
Progress. E. H. SNYDER 


desire for, a changing 


Damage by Uncontrolled 
Shot Blasting 


Ortrawa, CANADA 

It is unfortunate that my short 
note on the above topic in Metal 
Progress for February, p. 92, con- 
tained two errors. [Eprror’s Notre — 
These errors were made by the 
editor, not Mr. Kornfeld.] 

The crack in Fig. 2 is due to 
hydrogen, not to fatigue as said in 
the caption. 

The hardness number 275 quoted 
near the bottom of the first column 
is diamond pyramid number, rather 
than diamond penetrator number, 
as printed. KONRAD KORNFELD 
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1. Just DIP... 
2. Then RINSE! 


with Turco Alkaline Rust Remover 


Here’s a single-tank process that completely obsoletes con- 
ventional methods of removing rust, paint and primer. With 
Turco Alkaline Rust Remover, you just dip, then rinse! 
That's all there is to it! 

An easy-to-handle, powdered material, Turco Alkaline 
Rust Remover normally strips slightly pitted rust in less than 
a minute. Heavy rust and multiple paint layers require only 
a few minutes’ immersion. Turco Alkaline Rust Remover 
requires no after-neutralization ...no electrolytic current. It 
contains no cyanide compounds...emits no corrosive fumes. 
Moreover, it does not affect dimensional tolerances, cause 
hydrogen embrittlement, or create any of the other hazards 
commonly encountered with acids. Since Turco Alkaline Rust 
Remover actually decreases the tendency of metals to re-rust, 
the need for subsequent rust preventive treatments is vir- 
tually eliminated. 

Turco Alkaline Rust Remover has been thoroughly proven 
in the laboratory ...exhaustively tested in the field... and 
universally accepted by industry! Check this new way... 
this better way ...to beat back the problem of rust! 

QUICKLY REMOVES TENACIOUS HEAT SCALE, TOO! 
Now...with Turco Alkaline Rust Remover used electrolyti- 
cally, tenacious heat scale can be quickly and completely 
removed...with no dimensional loss to the base metal. 
Moreover, the descaled metal surfaces are exceptionally 
clean, shiny and free from smut, with a minimum tendency 
to re-rust. 
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TURCO PRODUCTS, INC. 
Chemical Processing Compounds 


6135 SOUTH CENTRAL AVENUE, LOS ANGELES 1, CALIFORNIA 


Factories: Nework, Chicago, Houston, Los Angeles, London, Rotterdam, 
Sydney, Mexico City, Paris, Homburg, Montreal, Noho (Okinawa) 
Manufactured in Canada by B. W. Deane & Co., Montreal 
Offices in all Principal Cities 
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the obsolete method 
of rust and 
paint removal 
Dip for alkaline 


degreasing and 
paint removal 


Rinse 
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THE CHOICE IS YOURS! 
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the TURCO method 
of rust and 
paint removal 


1. Dip for rust and 
paint removal plus 
rust prevention 


2. Rinse 





Acid dip for rust 
and red oxide 
removal 


Rinse 
Neutralize 
6. Rinse 


7. Dry 


8. Dip for rust 
prevention 


FREE FOLDER = 

TELLS HOW — Write today for 2 ? 

free 4-page illustrated folder describing Turco Alkaline 
Rust Remover — the non-acid compound that quickly 
removes rust, paint and primer in two simple steps 
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TITLE 


FIRM 


MAIL COUPON TODAY! 


TURCO PRODUCTS, INC. 
6135 SO. CENTRAL AVE., LOS ANGELES |, CALIF. 


Please send me free 4-page illustrated folder 
describing Turco Alkaline Rust Remover 
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Personal Mention 








Jerome Strauss 


After 30 years with Vanadium 
Corp. of America, Jerome Straus @ 
has retired as vice-president. His 
retirement, however, will not mark 
the cessation of his interest and ac- 
tivity in metallurgy; he will be 
undertaking a limited amount of 
consulting work both here and 
abroad, and only recently returned 
from a trip to Europe in connection 
with this work. 

Born in New York in 1893, Strauss 
received his metallurgical engineer- 
ing degree from Stevens Institue of 
Technology. Following graduation, 
he worked in the metallurgical de- 
partment of Illinois Steel Co. for a 
year and then joined Western Drop 
Forge Co. as a chemist and metal- 
lurgist. Called into the Army dur- 
ing World War I, he served as a 
lieutenant in the Ordnance Dept., 
and after his discharge spent a num- 
ber of vears at the Naval Gun 
Factory. 

Beginning his career at Vanadium 
in 1928 as chief research engineer, 
he soon rose to vice-president and 
held this post for over 20 years. 
During his years at Vanadium, Mr. 
Strauss has been responsible for 
many far-reaching developments in 
steelmaking. He made a major con- 
tribution in the initial use of low- 
alloy high-strength plate and sheet 
steel, and the development of the 
boron-treated steels. 

In recognition of his contributions 
to the metallurgical field in the past 
40 years, he was named the A.S.T.M. 
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Gillett Memorial Lecturer in 1953, 
and the Burgess Memorial Lecturer 
of the Washington Chapter @ two 
years later. 

As an active member of many 
technical organizations, he has 
served as chairman of the Washing- 
ton and Pittsburgh Chapters @ and 
he is currently chairman of the 
A.S.T.M. standing committee on cor- 
rosion resisting steels which he or- 
ganized. In addition he has held 
executive offices in the American 
Foundrymen’s Society and on the 
Welding Research Council. 


Harry Majors, Jr., @ formerly a 
professor at the University of Ala- 
bama, is now head of the mechani- 
cal engineering department at 
Seattle (Wash.) University. 


Wesley R. Kegerise @ has been 
appointed metallurgist, high tem- 
perature alloys, by the Carpenter 
Steel Co., Reading, Pa. He joined 
Carpenter's metallurgical laboratory 
in 1949, and in 1953 was chosen to 
head high temperature and special 
alloy development in the research 
laboratory. 


Joseph C. Danec @ has accepted 
an appointment as supervisor of 
sales of abrasive products for the 
masonry and concrete trades of the 
Norton Co., Worcester, Mass. He 
joined Norton in 1941 and until his 
recent promotion was technical as- 
sistant to the production engineer 
of Norton Behr-Manning Overseas, 
Inc., the Norton division which 
handles foreign sales and produc- 
tion at overseas plants. Mr. Danec 
is a past chairman of the Worcester 


Chapter ©. 


Robert E. Hopper @ is stationed 
at Rawalpindi, Pakistan, as U. S. 
Army technical advisor, metallurgi- 
cal division. His duties include es- 
tablishing a metallurgical laboratory 
and training technicians. 


Willard R. Pratt @, formerly vice- 
president of Bonded Diamond Prod- 
ucts of Worcester (Mass.), Inc., 
recently became president of Van- 
guard Abrasive Corp., LeRoy, N. Y., 
a new concern engaged in manufac- 
ture of diamond abrasive products. 


George G. Karian @ has been 
appointed manager of iron powder 
sales for the Alan Wood Steel Co., 
Conshohocken, Pa. He was formerly 
product manager in charge of sales 
of powder metal and industrial com- 
pacting presses for F. J. Stokes Corp.., 
Philadelphia. 


Andrew F. Kravic @ has joined 
the nonferrous section of the nickel 
sales department of the International 
Nickel Co., New York, where he will 
devote his attention to powder met- 
allurgy, particularly the sales and 
promotion of carbonyl nickel and 
carbonyl iron powder. Before com- 
ing to Inco, he was an instructor in 
metallurgical engineering at the 
Polytechnic Institute of Brooklyn. 


John Marple @, sub-branch man 
ager at the Baltimore branch office 
of Whitehead Metal Products Co., 
Inc., New York, since 1946, has been 
transferred to Philadelphia as sales 
manager. He joined Whitehead in 
1931 as one of the company’s first 
salesmen in the Philadelphia area 
and remained in that branch until 
moving to Baltimore. 


V. G. Asdikian @, formecly affili 
ated with L-R Heat Treating Co., 
has accepted a position as general 
manager of Scientific Stee] Treating 
Corp., Newark, N. J. 


Ray Neff @ has been named south 
ern Florida sales representative by 
Latrobe Steel Co., Latrobe, Pa 
Formerly chief engineer with Adams 
Engineering Co. in Miami, Mr. Neff 
will make his headquarters at La- 
trobe’s Miami branch office in Hia 


leah, Fla. 


Cyril J. VandeWater @ has been 
appointed director of manufacturing 
of the A-S-R Products Corp., New 
York, formerly American Safety 
Razor Corp. Mr. VandeWater 
joined A-S-R early in 1957 as chief 
process engineer after 11 years of 
service with the Maytag Co. in New- 
ton, Iowa, where he was chief meth 
ods engineer. 


Hamburg Tang @ was recently 
elected vice-president of Alloys Un- 
limited Inc., New York. Before 
coming to Alloys Unlimited, Mr. 
Tang was affiliated with research 
and development department at the 
Republic Steel Corp. plant in Buf- 
falo, N. Y., and Alpha Metals, Inc., 
Jersey City, N. J. 
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IS NOW AVAILABLE 


rROM STO Cit 


Our new stock program makes it easy for you to get Fansteel 
quality tantalum sheet. 

If you are a RESEARCH ENGINEER ... meet your devel- 
opment schedule by calling on Fansteel’s stock program. 

If you are a METHODS OR PROCESS ENGINEER... 
speed your pilot or pre-production runs by requisitioning tan- 
talum from the shelf. 

If you are a PRODUCTION ENGINEER... broaden your 
flexibility by relying on Fansteel’s stock to get production 


moving. Keep it rolling by a mill order delivered on schedule. 


IMMEDIATE 


DELIVERY Call, wire or write for new 
ON THESE price bulletin just released. 
FIVE Contains complete prices for 
MOST USED both tantalum stock items 
SIZES . and special mill runs. 


WE’LL RUSH YOU PRICE BULLETIN 


PU Eee SS eae Taal acl ler Wise) tite) 7 vale). 


NORTH CHICAGO, ILLINOIS, U.S.A. 





Personals . . . 


Harry A Troendly S has been 
elected a group vice-president of 
Borg-Warner Corp., Chicago. Mr. 
Troendly has been president of the 
corporation’s Spring Div. since 1953 
and prior to that had been vice- 
president and general manager since 
organizing the division in 1940. 


Victor Brown ©, an executive 
vice-president of Kropp Forge Co., 
Chicago, has been elected president 
and general manager of Kropp Steel 
Co., the firm’s wholly owned sub- 
sidiary in Rockford, Ill. Mr. Brown 
joined Kropp in 1942 as chief metal- 
lurgist and was elected a_ vice- 
president in 1953. 


William N. McArdle @ has been 
appointed sales manager of the Phil- 
adelphia district of the Superior 
Steel Div., Copperweld Steel Co., 
Carnegie, Pa. Until recently, Mr. 
McArdle was manager, aircraft prod- 
ucts, for U. S. Steel Supply Div. of 
U. S. Steel Corp. and prior to that 
served as Chicago district sales man- 
ager for Jones & Laughlin Steel 
Corp. and Rotary Electric Steel Co. 


L. D. Gable @ has resigned as 
general manager of Timken Roller 
Bearing Co., Canton, Ohio, to act 
as consultant in his own company. 
He will be succeeded by Walter 
Kramer @, formerly factory manager 
and past chairman of the Columbus 


Chapter ©. 


David Rosenbaum ©@, formerly 
senior technical assistant at Battelle 
Memorial Institute, Columbus, Ohio, 
is now metallurgical engineer of the 
aircraft division of Surface Combus- 
tion Corp. in Columbus. 


O. W. McMullan @, newly ap- 
pointed director of research and de- 
velopment of the Bower Roller 
Bearing Div., Federal-Mogul-Bower 
Bearings, Inc., Detroit, is directing 
the expansion and centralization of 
the company’s research and develop- 
ment department. Mr. McMullan 
has been chief metallurgist for Bower 
since he joined the company in 1944. 


Harold D. Swarr @ has accepted 
a position as technical assistant in 
the openhearth department of Luk- 
ens Steel Co., Coatsville, Pa. Before 
coming to Lukens, he was employed 
at Bethlehem Steel Co. 
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Weighing 

is the heart 

of all analytical 
procedure 


To keep pace with increased laboratory work loads 
balance manufacturers have developed balances that 
weigh faster, are easier to operate and require no op- 
erator technique. The NEW Christian Becker Model NA-1! 
single pan, semi-automatic balance provides everything 
the chemist has wanted. Fast accurate weighings are as 
easy as 1 - 2 - 3. 


. Place sample on pan, close door, select “rough 
weighing” beam by rotating knob "A". 

. Weight control knobs "B"” are then rotated. 
Weight indicator lights "C" indicate if weights 


have to be added or removed 





. Final 1000 mgs., or any part thereof are re- 
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corded on new, large, easy to read reticle 





and vernier, after fine weighing beam is put 





in use. This ten thousand division optical read- 





out “D” is absolutely unique. It eliminates 








completely “balance squint.” The large num- 
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ber at the top plus the vertical line show that 
the weight is between .455 and .456 gram. 
By following the line down, it makes a solid 
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rectangle at "4", thus giving a reading of 
4554. This plus the weight recorded on 
counter “E", gives total weight of sample. 


Capacity 200 grams. Sensitivity .1 mg. Readability .05 mg. Catalog #H1830.. . Price $1,185.00 


ANYONE CAN OPERATE THIS BALANCE 


It also includes many other features: 

e Externe! zero adjustment—temperature 
compensation 

e Oil damping — longer ‘‘Pan-to-Stirrup™ 
dimension 

e Exclusive two-beam construction— one for 
rough weighing—one for fine 

e Weighing and pilot lights to indicate beam 
in use 

@ Stainless steel Class M weights 

e Knobs for weights and beams are at con- 
venient table height 


e Weight counter and reticle and vernier are 
at eye level. 


(4 page bulletin available on request) 





HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Company + Cleveland 6, Ohio 


Sales Branches and Warehouses: Cincinnati 13, O. « Cleveland 6, O. + Detroit 28, Mich. 


Houston 11, Tex. + Los Angeles 22, Calif. + Philadelphia 48, Pa. 


Sales Offices: Baton Rouge, La. + Oakland 11, Calif. + Buffalo 2, N. Y. 
Hastings-On-Hudson 6, N. Y. + Pittsburgh 22, Pa. 
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HIGH VACUUM 


ANNEALING * SINTERING * WELDING* BRAZING & 


HEAT TREATING 


HIGH VACUUM FURNACES 


The Bell-type Annealing Furnace shown above is but one of 
many KINNEY High Vacuum Furnaces developed for im- 
proved metal treating. From melting, alloying and casting to 
degassing, sintering, annealing, brazing and welding, KINNEY 
provides the High Vacuum equipment to meet your special 
needs for product improvement. 


The approach of KINNEY engineers to modern High Vacuum 
techniques is based upon many more years of Vacuum 
“know-how.” This is reflected not only in the practicality of 
the equipment but in the economic advantages in design, 
operation and maintenance, as well. Write for outline of ad- 
vanced techniques in vacuum heat treating, or better still, 
make a date to discuss your Vacuum Furnace problems today! 


KENNEY wes. oivision 
THE NEW YORK AIR BRAKE COMPANY (f) 
j 
WRITE FOR 3584E WASHINGTON STREET + BOSTON 30 - ease. S27 





LITERATURE Please send me your latest literature on KINNEY Heat Treating 
DESCRIBING NEW Equipment [] Please have an engineer call me [] 
DEVELOPMENTS 
IN HIGH VACUUM 
EQUIPMENT Company 


Name 








Address 





Raia 








Personals . . . 


Herbert E. Peterson @ recently 
joined the staff of Instrument 
Engineering and Combustion Equip- 
ment Co., Rockford, III. 


Harry B. Burrack @ has been 
appointed technical superintendent 
of the Olin Aluminum Div. roll- 
ing mill of Olin Mathieson Chemical 
Corp., located near Hannibal, Ohio. 
Mr. Burrack, who has had 17 vears 
experience in the aluminum industry, 
will supervise quality control, metal- 
lurgy, chemistry and testing. 


John R. Townsend ©, special 
assistant, Office of Assistant Secre- 
tary of Defense (Research and Engi- 
neering), Washington, D. C., has 
been elected vice-president of the 
American Standards Assoc., succeed- 
ing Van H. Leichliter @, president 
of the American Wire and Steel Div., 
U. S. Steel Corp. Mr. Townsend 
was formerly director of materials 
and standards engineering for Sandia 
Corp., Albuquerque, N. M. 


Robert C. Hessinger @ has joined 
the staff of the powder metallurgy 
department of Vanadium - Alloys 
Steel Co., Latrobe, Pa., as a metal 
lurgical engineer. 


H. J. Nichols @ has been ap- 
pointed research engineer, welding, 
at the Applied Research Laboratory 
of U. S. Steel Corp., Monroeville, 
Pa. For the past 15 years Mr. 
Nichols was head of the welding and 
radiography section of the physical 
metallurgy division, Dept. of Mines 
and Technical Surveys, Ottawa, Ont. 


B. H. Alstad @ has accepted a po 
sition as sales engineer in the Texas- 
Oklahoma - Louisiana - Arkansas dis- 
trict for Parker-Hannifin Corp., 
Cleveland. Mr. Alstad was sales 
manager of Riverside Tool Co., 
Chagrin Falls, Ohio, before joining 
Parker-Hannifin. 


Cullie J. Sparks, Jr., @, formerly 
with the Kentucky Research Foun- 
dation, Lexington, Ky., recently 
joined the staff of Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tenn. 


Charles Arthur @ has been trans- 
ferred from the Sandia Corp.’s Albu- 
querque, N. M., operation to the 
corporation's Livermore Div., Liver- 
more, Calif. 
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Loading Zone. Hydraulic ram drives movable work 
boat into the two-temperature-zone vacuum cham- 
ber of new Stokes furnace equipped with Inconel 
nickel-chromium alloy retort at the Martin Com- 


pany plant, Baltimore. Suitable for vacuum braz- 
ing, annealing and degassing, the electric alloy 
heated unit can maintain operating temperatures 
over 2000°F at pressures as low as 


.2 microns. 


Designers equip new Stokes vacuum furnaces 
with Inconel retorts for Martin experiments 


Horizontal retort vacuum fur- 
naces come bigger these days. 


And better, too! Among other 
reasons, because designers and 
builders are standardizing on re- 
torts of Inconel* nickel-chromium 
alloy... ‘ 


Typical of this trend is the fur- 
nace shown here. It was designed 
and built by the Vacuum Equip- 
ment Division of F. J. STOKES 
CORPORATION, Philadelphia, Pa. 
The unit is one of two identical 
furnaces in operation at THE 
MARTIN COMPANY, Baltimore, Md. 


Right now, Martin uses them 
mostly for experimental and 
limited-scale production vacuum 
brazing of aircraft components. 


But if they wish, they can easily 
switch to vacuum de-gassing, an- 
nealing or other heat treating 
operations. 


The furnace structure, supplied 
by LINDBERG ENGINEERING COM- 
PANY, Chicago, Ill., has a refrac- 
tory-lined outer wall. In use, the 
space between the vacuum retort 
wall and the outer furnace shell 
is evacuated to approximately 500 


microns. This reduces external 
forces on the Inconel alloy retort 
where pressures inside the retort 
drop to as low as .2 microns at 
temperatures in excess of 2000°F. 


Retort material must have the 
strength to hold long-continued 
high vacuum at heat... resist 
thermal shock from rapid cooling 


. withstand corrosive atmos- 
pheres. Jnconel alloy does all these 
things. And does them well! 


In addition, it simplifies fur- 
nace construction. Its good “hot 
strength” helps in practical de- 
sign. And Inconel alloy can be 
readily worked and welded to give 
a strong vacuum-tight joint that 
stays gas-tight. 

For information on the use of 
Inconel alloy in heat treating 
equipment, write Inco for our in- 
formative booklet, “Keep Operat- 
ing Cost Down When Tempera- 
tures Go Up...” 


*Registered trademark 


The INTERNATIONAL NICKEL CO., Inc. 


67 Wall Street JMC, New York 5, N. Y. 


INCO NICKEL ALLOYS 
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With the big ones, too 
FENN | 


in precision rolling mills 


THE FENN MANUFACTURING COMPANY ® 504 FENN ROAD © NEWINGTON, CONN. 
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Personals . . . 


Several @ members were honored 
by the American Foundrymen’s So- 
ciety at the Society's 62nd AFS 
Castings Congress and Foundry 
Show in Cleveland this month. 
Ralph A. Clark @ and Howard J 
Rowe © received gold medals, the 
highest award conferred by the So- 
ciety. Mr. Clark, manager of foun- 
dry service, Electro Metallurgical 
Co., Cleveland, was awarded the 
Thomas W. Pangborn Gold Medal 
“for outstanding contributions to the 
Society and to the ferrous castings 
industry, especially in the field of 
gray iron metallurgy”. Mr. Rowe 
chief metallurgist, castings division, 
Aluminum Co. of America, Pitts- 
burgh, was recognized “for outstand- 
ing contributions to the Society and 
to the light metals branch of the 
castings industry” and received the 
William H. McFadden Gold Medal. 
Awards of Scientific Merit were pre- 
sented to Kenneth H. Priestley 6, 
president, Vassar Electroloy Prod- 
ucts, Inc., Vassar, Mich., Franklin 
B. Rote @, technical director, Albion 
Malleable Iron Co., Albion, Mich.; 
Frank S. Brewster, director of re 
search and development, Brumley- 
Donaldson Co., Huntington Park, 
Calif.; and Fred G. Sefing, metal- 
lurgist, development and _ research 
division, International Nickel Co., 
Inc., New York. 


M. Szezepanski @ has joined the 
Abrasive Dressing Tool Co., Detroit 
as director of the research and de- 
velopment laboratory. Mr. Szcze- 
panski was formerly laboratory man- 
ager and chief metallurgist for E. E. 
Kaye, Ltd., Enfield, England. 


Ward F. Simmons @ has been 
appointed chief of the high-tempera- 
ture metals research division at Bat- 
telle Memorial Institute, Columbus, 
Ohio. In his new position, he will 
take charge of research in the area 
in which he has been active at Bat- 
telle for the past 17 years. 


Frank H. Vandenburgh @ is the 
new president and chief executive 
officer of Mallory-Sharon Metals 
Corp., formerly Mallory-Sharon 
Titanium Corp. Mr. Vandenburgh 
was vice-president and general man- 
ager of Mallory-Sharon Titanium 
Corp. until the company was re. 
organized recently. 
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The more surface metal you cut away from an alloy 
steel bar, the more important uniform core quality 
becomes. The drill illustration above shows you why. 


In alloy steels made by conventional steelmaking proc- 
ess, segregation, porosity or other inhomogeneities are 
often found along the centerline. Result: the core metal 
lacks the toughness of the rest of the bar, even though 
it may show no detectable variation. 


To alleviate this major cause of poor tool quality, poor 
tool life and excessive rejects, Carpenter metallurgists 
developed the Mel-Trol process. Now, for the first time, 
alloys with greater uniformity from surface to center- 
line are being made in quantity. 
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The Mel-Trol process provides greater freedom from 
segregation, porosity and centerline weakness through a 
system of quality controls which play a part in every 
phase of the entire steelmaking process. Equipment de 
veloped specifically for Carpenter is used together with 
the most modern standard quality control tools. Every 
piece of equipment is used to its highest accuracy— 
nothing less. 


Mel-Trol alloys are now available at Carpenter mill 
branch warehouses. Ask about them the next time a 
Carpenter representative calls on you. He'll show you 
how you can join the growing number of companies 
who are finding Mel-Trol alloys the answer to a host of 
metalworking problems. 


[arpel 


The Carpenter Steel Company, 133 W. Bern St., Reading, Pa. 


Export Dept.: The Carpenter Steel Co., Port Washington, N. Y —“‘carstreco” 
Pioneering in improved specialty steels through continuing research 





RETORTS 
BASKETS 


ROLOCK “ALL THE WAY” 


for a better operating cost 
picture on your pit-type furnaces 


Rolock has so many successful pit-type furnace equipment installations 
. So many satisfied repeat customers... that we feel very confi- 
dent in promising you equal satisfaction. 


Furthermore, we make all the basic equipment needs for pit- 
type furnaces of every popular size and type... retorts, screens, 
grids, baskets, fixtures, or specially designed work carriers. In each 
you will find unique ROLOCK design and construction features that 
are PROVED life-lengtheners . . . performance-improvers . . . long-term 
cost-reducers. 


The best way to gain these benefits is to try us out on your next 
order... either for “standardized” items or special needs. A letter 
or ‘phone call will get prompt action. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 


ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


ees JOB-ENGINEERED for beter work Gamma 


Easier Operation, Lower Cost 





Personals . 


James O. Vadeboncoeur © has 
been named marketing manager, 
western region, of the newly estab- 
lished west coast sales office of Syl- 
vania-Corning Nuclear Corp., New 
York. The new office will be in 
Burlingame, Calif. Mr. Vadebon- 
coeur had been associated with the 
naval nuclear program of the atomic 
power division of Westinghouse 
Electric Corp. since 1952 as super- 
visor of central production, planning 
and control, of nuclear core manu 
facturing at Westinghouse’s Bettis 
Field plant in Pittsburgh. 

Neil J. Culp @ and Samuel M. 
Purdy @ have been promoted to 
supervisory posts in the metallurg) 
department of Carpenter Steel Co., 
Reading, Pa. Mr. Culp, who joined 
Carpenter in 1952. has been named 
supervisory metallurgist, alloy devel 
opment, while Mr. Purdy is super- 
visory metallurgist, metallography, 
in charge of all metallographic and 
crystallographic activities in the 
company’s research laboratory. 

Robert P. Jensen @ has been pro- 
moted to sales manager of the foil 
and container division of Kaiser Alu 
minum & Chemical Sales, Inc., with 
headquarters in Chicago. He has 
been with Kaiser Aluminum since 
1954 and has served as district sales 
manager in Philadelphia and Boston 
and as branch manager in Baltimore. 


Ludwig Anselmini @ is a new staff 
member of the stainless steel and 
heat resistant alloys section of the 
development and research division, 
International Nickel Co., Inc. For 
the past three years Mr. Anselmini 
was a metallurgical design specialist 
with Republic Aviation Corp., Farm- 
ingdale, N. Y., directing the metal- 
lurgical engineering research. He is 
concurrently serving as part-time 
faculty member of the metallurgical 
engineering division of the Poly 
technic Institute of Brooklyn. 


Charles L. Bronson @ has been 
named head of a new research and 
development laboratory for Vare! 
Mfg. Co., Dallas, Tex. For the past 
two years, Mr. Bronson has super- 
vised installation of a new heat treat 
plant for the company. He was 
formerly chief metallurgist in the 
laboratory and heat treat depart- 
men: of R. G. LeTourneau Corp., 
Longview, Tex., and Peoria, III. 
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DETECT HIDDEN FLAWS IN 
MATERIALS BEFORE YOU SPEND 
MONEY ON FINISHING! 





Actual photograph of gray-scale 
test transparency, shown un- 
enhanced. 


The same transparency showing 


New Philco EXICON dramatically improves gray-scale enhancement bY 
contrast on any photographic transparency. pe: 


Exicon is proving an invaluable new tool in metallurgy, 
quality control, stress analysis and countless industrial 
applications. This new dimension in contrast enhancement 
is finding application wherever greater detail is desired in 
the reading of any photographic negative. If you have a 
problem requiring contrast enhancement . . . Philco’s new 


EXICON system may provide the answer. 


PHILCO. Pa, a 


tunities are unlim- 
ited in electronic and 


GOVERNMENT AND INDUSTRIAL DIVISION mechanical research 
and engineering. 
4710 Wissahickon Ave., Philadelphia 44, Pa. . 
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Better Test for 
Ductile Iron 


Digest of “Modified Keel 
Block Design for Ductile Iron 
Acceptance Tests”, by Gilbert 
McGlothlin, The Iron Worker, 
Vol. 22, No. 1, Winter 1957-58, 
published by Lynchburg Found- 
ry Co., Lynchburg, Va. 


LLYNcupurc FOUNDRY CO. began 

experimental production of duc- 
tile iron in 1949. The metallurgical 
control laboratories found the physi- 
cal testing procedures for it to be 
more complex than those required 
for gray iron. Due to the charac- 
teristics of ductile iron, a form of 
test bar or block, other than the con- 
ventional A.S.T.M. “Y” and “keel- 
type” test blocks used for gray iron, 
was necessary to obtain a sound 
test specimen entirely free of center 
line shrinkage. 

The keel-type test block consists 
essentially of a block of iron about 
8 in. long with two protruding legs 
which are parallel for its full length. 
These so-called legs, when removed, 
become test coupons, X in. square 
by 8 in. long. The value of X will 
be %in., 1 in. or larger depending 
on the section thicknesses of the 
castings involved. 

The “Y” type test block is similar 
and is so named because its end view 
resembles the letter “Y”. Test cou- 
pons are taken from the leg portion 
of the block. The top part of the 
“Y” serves as a feeder throughout 
solidification to prevent any porosity 
in the leg. Both types of test blocks 
are poured with the legs downward. 

The leg, or test coupon, is parted 
from the block body by a milling op- 
eration. It is placed in a lathe where 
a tensile test specimen is turned. 
The specimen is threaded or 


shouldered on both ends, depending 
on the type of holder used in the 
testing machine, with the 2% in. 
in the middle highly polished to a 
final diameter of 0.505 in. 

The use of the keel block for test 
purposes was expensive, and labora- 
tory results were delayed by exces- 
sive time involved in removing the 
legs from the body of the block. 
The operation required a machine to 
saw or mill the legs, or the use of 
a shaper to part the leg from the 
body. Few laboratories have such 
facilities within their own depart- 
ment which makes it necessary to 
depend on machining departments. 
Machine shop scheduling created a 
bottleneck which delayed physical 
testing results and made evident the 
need for a simplified test block. 

The first modified design em- 
ployed the l-in. A.S.T.M. keel 
block dimensions, and by the use 
of a wafer-core arrangement simi- 
lar to the Washburn risering tech- 
nique, a parting notch was cast in 
the side of the keel permitting either, 
or both, legs to be knocked off with a 
heavy hammer blow. 

The wafer-core opening was 
found to be critical. If the width 
of the opening was reduced below 
% in., shrinkage was detected in the 
test coupons; whereas a wider open- 


Fig. 1—Comparison Between 
the A.S.T.M. 1-In. Keel Block 
(Left), and the Modified 1-In. 
Round-Leg Keel Block (Right) 


Fig. 2—The Round-Leg Keel 
Block Core (Left), Ready for 
Pouring, and a Section of the Core 


ing to correct for shrinkage made it 
difficult to remove test coupons witn 
a hammer. Experimental tests made 
by comparing the modified keel 
block with the standard A.S.T.M. 
keel block disclosed similar physical 
properties. 

With the knowledge that a wafer- 
core opening with a width of % in. 
would successfully feed each leg, 
an effort was made to further im- 
prove the modified block by sub- 
stituting l-in. round legs for the 
l-in. square ones. The l-in. round 
bar would provide a more efficient 
shape for the lathe and would offer 
the advantage of less stock to be 
removed in turning a tensile speci- 
men. It was found that a 3/16-in. 
feeder connection was sufficient to 
produce a sound specimen. The 
design of this block was then such 
that the round leg would shear away 
cleanly upon impact of a hammer 
blow. 

This modification, when _per- 
fected, looked promising insofar 
as surface imperfections, internal 
soundness, and shape were con- 
cerned. Figure 1 shows the round- 
leg block pictured alongside the 
conventional square-leg type. In 
Fig. 2 the core used to form the 
round-leg keel block is shown. Fig- 
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A.F.S. Foundry Show 
Cleveland, May 19-23 
Booth No. 1306 


IF YOU ARE 
UNABLE TO 
ATTEND THE SHOW 
SEND FOR 
BULLETIN R-58 


60 CYCLE INDUCTION MELTING 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERS Y 


Associated Companies: Ajox Electrothermic Corporation Ajox Electric Company 
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THE CRAYONS — 
THAT TELL 


TEMPERATURES 


IT’S THIS SIMPLE 


Select appropria 


TEMPILSTIK® for the 


working 
you want. 


temperature 


Mark your workpiece 


with it. 


The TEMPILSTIK® mark 


melts as soon as 


its 


temperature rating has 


been reached. 


Accuracy 
within 1% of 
rated melting 

point. 


Also available as 
TEMPILAQ® (liq- 
vid form) and 
TEMPIL® PELLETS 


— —_— —— ee eee ee 
63 different tem- 
perature ratings 
_ available 


For information and samples, 
send coupon 


Tem pil conroration 


134 West 22nd St., New York 11,N.Y. 

Send information on: 

() TEMPILSTIK® (C TEMPILAQ® 
() TEMPIL® PELLETS 


[) Send booklet “How Temperatures 
ore Measured” 


(CC Send sample pellets for °F 
temperature 


Name 





Address 





City 





State 
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Test for Ductile Iron... 


ure 3 shown below is a drawing 
showing the dimensions of the modi- 
fied keel block core. 

When the dry sand core mold is 
poured completely full of iron, 
there will be no shrinkage in the 
two legs. It is important that the 
small thin wafer core be glued se- 
curely and held in its proper posi- 
tion. If it is not, the center portion 
will break loose and float when the 
cavity is filled with iron. The legs 
then become a major part of the 
block which renders it useless. 

Work on this project had now 
reached the point for evaluating the 
merits of the modified version. A 
series of tests were made comparing 
physical properties of the metal ob- 
tained from an A.S.T.M. 1-in. keel 
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block with those from the modified 
round-leg block. Comparison test 
specimens were poured from the 
same ladle of ductile iron. The 
ultimate tensile strength values of 
the modified keel block were con- 
sistently 3 to 5% less than those 
obtained from the A.S.T.M. keel 
block. In most cases the difference 
in values for yield point, per cent 
elongation and reduction in area 
was negligible. During this de- 
velopment period, a number of 
modified keel blocks were poured 
and tested by other foundries. 
Their reports verified the findings of 
our own laboratories. 

Approval was given for use of 
the modified keel block in all cases 
except where specifications called for 
A.S.T.M. 1-in. keel blocks or other 
specific test specimens. Figure 4 
shows a ductile iron test specimen 
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Section B-B 


Fig. 3— Drawing Shows Dimensions of the Modified Keel 


Block Core (With 


Fig. 4—The Round Leg From 
the Modified Keel Block Showing 
the Ductile Iron Test Specimen 
as Taken From It. The speci- 
men is ready to be placed in 
the tensile testing machine 


Round Legs), 


and in Two Parts 


taken from the round leg from the 
modified keel block. 

The time saved by eliminating 
a machine operation in separating 
the legs from the body of the block 
(16.8 min.) plus decreased time 
interval in lathe operation due to 
less stock resulting from a round 
leg proved a substantial savings 

The modified keel block has now 
been in regular use at Lynchburg 
Foundry Co. for the past two years. 
It is well established that this keel 
block in its present stage of develop- 
ment offers a most economical and 
efficient form of test block for duc- 
tile iron control. Ay GC. G. 
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SAVE MONEY with FINKL FORGINGS 


Strip mills dof 


They increase life and therefore reduce ‘‘down time’”’ with Finkl 
finish machined spindles, once again proving that the best costs the 
least in the long run. 

A typical example is this 98” spindle, weighing 5900 pounds, 
which began as a 13,000 pound forging from a 50,000 pound ingot 
out of our own melt shop. The utmost consideration for the spindle’s 

OIE BLOCKS end use set up the quality control program before the furnace elec- 
trodes started to arc. Then through forging, heat treating, rough and 
finish machining, and final inspection, each department head and 
his crew of craftsmen guided the program to its specified completion. 

When you are considering cylinders, spindles, driveshafts, or 
any special purpose forging, whether rough turned or finish machined, 
eall your local Finkl representative. He will be glad to help you plan, 


$1331S JOVNYNA 9819313 
HOT WORK STEELS 


*FORGINGS- 


or call upon the more than 78 years of Finkl experience to save you 
money and give you the finest forgings, or die blocks, available. 


A. FinklI & Sons Co. 


2011 SOUTHPORT AVE: CHICAGO 14, ILLINOIS 





Offices in: DETROIT - CLEVELAND - PITTSBURGH - INDIANAPOLIS - HOUSTON - ALLENTOWN - ST. PAUL 
COLORADO SPRINGS - SAN FRANCISCO - SEATTLE - BIRMINGHAM - KANSAS CITY 
Warehouses in: CHICAGO - BOSTON - LOS ANGELES 
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M-3 Arcweld Creep Rupture Tester, custom de- 
signed for labs which test smaller size specimens or 
use lighter loads. 

















For accurate creep rupture testing 
choose from 8 ARCWELD models 


Wherever there’s a need for accurate, economical creep rupture test- 
ing, the answer to that need is performance-proved creep rupture 
testers from Arcweld Manufacturing Co. 

Choose from 8 compact, easy to operate, low maintenance Arcweld 
models. Capacity ranges from 6,000 to 30,000 pounds. Oversize 
Arcweld furnaces produce stable temperature up to 2,200 degrees 
maximum at no additional cost. Exclusive automatic beam leveling 
control: no matter how far the sample stretches, beam remains level. 

Other products: eight-station rotary furnace jigs for hot tensile 
testing, master control panels, twelve-furnace Universal heat treat 
units and instrument cabinets. 

Hundreds of thousands of hours of lab performance have proved 
Arcweld testing machines to be the logical choice. Clip this coupon 
er write on your business letterhead to Arcweld Manufacturing Co. 


today for more information and a complimentary Arcweld Creep 
Load Calculator. 


See Arcweld’s Booth 202 at May Southwestern Exposition and Congress in Dallas 
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Phone 1470 
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! Please send more information about Arcweld ! 

| ARCW E LD testing equipment. Have a salesman call [) | 

MANUFACTURING 
PG 5 rt 2e Title ; 

COMPANY ; 

P. O. Box 311, Grove City, Pa. Company Principal Products 
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Bonding Magnesium 
Sheet 


Digest of “Adhesive Bonding 
of Magnesium — Incorporating 
a Corrosion Resistant Hot Alka- 
line Chromate Treatment as the 
Surface Preparation”, by R.J.E. 
Hunter. Presented at a meeting 
of the Committee on Bonded 
Structures, Society of Aircraft 
Materials and Process Engi- 
neers, January 1957, Preprint 
No. 41. 13 p. 








vro Aircraft Ltd., Toronto, has 

adopted metal-to-metal adhe- 
sives for use in primary parts of air- 
craft structure, since they provide a 
means to reduce weight without sac- 
rificing strength. In addition, more 
uniform stress distribution results 
Although no great difficulty was ex- 
perienced in the metal bonding of 
2024 and 7075 aluminum alloys 
considerable development work was 
necessary before the metal bonding 
of magnesium alloys could be 
similarly perfected. 

In the present application, a mag 
nesium sheet alloy — ZE 41 contain 
ing 4% Zn and 1% Ce, in condition 
H 24 and in thicknesses from 0.032 
to 0.080 in.—is being bonded to 
doublers, boundary angles and stiff 
eners. A complication in the bond- 
ing process is that 
treatment of the magnesium cannot 
be carried out after bonding. For 
one reason, metal-to-metal adhesives 
have very little strength if applied to 
bare magnesium alloy surfaces 
Thus, pretreatment is necessary. 

A ceramic type of anodic coating, 
very attractive from an application 
point of view, provided a very good 
bonding surface, but its tendency to 
deep pitting under severe corrosive 
conditions was a serious deterrent. 

The hot alkaline chromate treat 
ment, closely resembling the Dow 8 
treatment, has been in standard use 
at Avro for many years, mainly on 
castings; while giving good corrosion 
resistance under standard paint, it 
gave very poor results when corro- 
sion was present at the metal bond 
interface. The standard four-finger- 
type test piece used in MIL-A-5090 
B gave acceptable peel strength val- 
ues with this protective treatment 
and the standard bonding cycle and 
cure used with Narmco 4021 adhe- 
sive. On components having larger 
bonded surfaces, the peel strength of 
(Continued on p. 134) 
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HOMOGENIZING 


Aluminum 
for Fast, 
Superior 
Extrudi 














GULFPORT WORKS—ALUMINUM DIV. 
OLIN MATHIESON CHEMICAL CORP. 


now produces substantial quantities of extrusions for 
window frames, trailers, architectural applications etc. 





Fast Extruding Now Possible 


Before, Olin Aluminum had problems extruding 
their non-homogenized alloys. The “logs” had 
to be slowly and cautiously extruded in order to 
minimize unsightly tear marks. These surface 
imperfections were a practically unavoidable 
result of extruding aluminum having uneven 
construction. 

Now, by thoroughly homogenizing their alu- 
minum alloys in the new DEspatcu furnace 
shown above, the company extrudes at a rapid 
rate, boosting production of extrusions with 
uniform physical construction, and with a 
superior surface quality. 


Let DESPATCH help you! 


PRECISE TEMPERATURE IS NEEDED 


This indirect gas fired, radiant tube recirculating 
Despatcu furnace holds a temperature of 1100°F. 
within very close limits enabling the Olin Aluminum 
Gulfport Plant to produce an even, homogeneous blend 
in their aluminum alloys for extruding. 

A typical load is 50 to 60 aluminum “‘logs’’, each 
weighing about 1,000 pounds, 18 ft. long with diam- 
eters of 6", 8” and 11”. 

Each load stays in the homogenizing furnace 16 
hours. Once the logs are in the furnace no supervision 
is necessary. Constant temperature is assured, thanks 
to efficient firing and sensitive automatic controls. 

Write for complete information on Despatch alu- 
minum solution heat treating furnaces, homogenizing 
furnaces, aging ovens, etc. 


Write for Bulletin No. 81P 


DESPATCH 


619 S. E. Eighth Street Minneapolis 14, Minnesota 


PIONEERS IN ENGINEERING HEAT APPLICATIONS FOR INDUSTRY Sales and Service in All 26 Principal Cities 
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Dig or small 
Suriace 


mechanized 
furnaces 
pay Off 


Whether your volume is modest or vast—with 
short runs or long—there are many ways to profit 
from Surface experience in mechanizing heat treat 
equipment for ferrous and nonferrous metals. All 
of them give you uniform duplication of results; 
upgraded labor; reduced unit costs; expanded 
capacity; and strengthened competitive position 


geese You may require a single batch type 
furnace, (right above) in which work is handled 
automatically from charge to discharge. For ex- 
panded facilities, a battery of such furnaces can 
be handled by one operator. Standard furnaces 
can also be linked in sequence to form an auto- 
matic heat treat line. 


= You might want your furnaces integrated 
directly with machines at separate points in your 
production line, (right center). This line processes 
bearing races from raw stock through a sequence 
of manufacturing operations—machining, heat 
treating, and finishing. 


| oe Your methods may call for a self-con- 


tained automatic heat treat line within your pro- 
duction line, (right below). Hoppers convert 
variable production from machining operations to 
the steady rate best for efficient heat treating. All 
operations are interlocked and continuous. 

These are merely samples of the range and 
depth of mechanization know-how which Surface 
has accumulated since as far back as 1929. That 
was the date of installation of a completely auto- 
matic line for normalizing, hardening, and temper- 
ing transmission parts. Still operating, that line has 
paid for itself many times over. 

Explore these advantages for your own oper- 
ation; write for Bulletin SC-176. 

Surface Combustion Corporation, 2377 Dorr 
St., Toledo 1, Ohio. In Canada: Surface Industrial 
Furnaces, Ltd., Toronto, Ontario. 


whereuer heat iz used, in. industry 
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furnace mechanization 
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Quality Control... 


your ‘‘hourly’’ Assurance with 


WYCKOFF 


COLD FINISHED ST E E i. 


Constant working qualities that save you time 
and money are the “pay-off” to you from 
Wyckoff ceaseless research and Wyckoff 
quality controlled products. 
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YCKOFF STEEL COMPANY 


GENERAL OFFICES : 


Gateway Center, Pittsburgh 30, Pa. 
ero rom Branch Offices in Principal Cities 





wm \ tp, 














Works: 
Ambridge, Pe., Chicago, til, Newark, N.J., Putnam, Cone 

















WYCKOFF STEEL PRODUCTS—Carbon, Alloy and Leaded 
Steels * Turned and Polished Shafting * Turned jand 
Ground Shafting * Wide Flats up to 12” x 2” and 14 








x 1'4" * All types of furnace treated Steels 
























Bonding Magnesium .. . 


the bonds was very low, the failure 
occuring cohesively in the chromate 
coating. Also, there was evidence of 
blistering within the glue line, an in- 
dication of trapped volatile or reac- 
tion products. 

The hot alkaline chromate treat- 
ment used at Avro is covered by spe- 
cification P-l-1 and is based on 
British specification DTD 911; it 
differs from Dow 8 in that pretreat- 
ment is effected with sodium hydrox- 
ide instead of hydrofluoric acid. The 
sequence of operations is: 

1. Degrease with trichlorethylene 
vapor. 

2. Immerse in boiling 2 to 3% 
caustic soda for 10 min. 

3. Rinse in cold water. 

4. Immerse in chromic nitrate 
stripper solution at 70 to 90° F. for 
3 to 5 min. Solution consists of 15 to 
20% chromic acid, 2.5 to 3.5% so- 
dium nitrate in demineralized water. 

5. Rinse in cold running water; 
transfer rapidly. 

6. Immerse in boiling chromate 
bath solution for 30 min. (2 to 3 
min. for M-1-7 ZE 41 alloys). Solu- 
tion consists of 3.0% ammonium sul- 
phate by weight, 1.5% ammonium 
dichromate by weight, 1.5% sodium 
or potassium dichromate by weight, 
0.27% ammonium (0.880 sp. gr.) by 
volume, and tap water. 

7. Rinse in warm water (not 
above 120° F.), then dry rapidly. 

The failure of the chromate film 
was investigated simultaneously 
along two paths. In order to over- 
come the blistering caused by the 
condensation products, a subprime: 
was applied to the surface of the 
chromated magnesium and_thor- 
oughly dried before the Metlbond 
primer was applied over it. Then 
primers of zinc chromate made to 
specification MIL-P-6889 and 
thinned 1 to 9 with Toluol, an 
Epon-base clear enamel, and regu- 
lar Metlbond, diluted for better 
wetting and penetration, were each 
applied over the subprimer coating. 
None of these treatments showed 
any marked improvement over the 
normal precuring of the Metlbond 
primer. 

In the parallel investigation it was 
found that satisfactory bonds could 
be obtained on surtuces pretreated 
with the Dow 1 temporary chrome 
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Lesson in low 
heat-hour cost 

at MATHEWS 
Heat Treating Co. 


A 
r / 


NICHROME HEARTH PASSES 12,060 HOUR 


mark in commercial heat-treating service 


WITHOUT ANY SIGNS OF WEAR! 


It is in commercial plants that heat treating equipment 
is subjected to some of the severest endurance tests. 
A typical example is the AGFt 166 CE Nichrome 
Hearth, Shaker Furnace in the Mathews Heat Treating 
Co. in Newark, N. J. The furnace has been on the job 
since 1950; its Nichrome hearth casting since July 1954. 

The variety of operating conditions imposed on this 
furnace is typical of commercial use. Atmospheres 
vary from dry gas cyaniding to straight hardening 
using combinations of anhydrous ammonia, propane 
and city gas. Work charges of an endless variety are 
put through in loads up to 400 pounds an hour and 
temperatures ranging from 1200°F to 1750°F accord- 
ing to the job requirements. To top it off, the furnace 
is shut down every night, fired up from cold start every 
morning and has been kept on a 12 hour per day, 5 day 
week schedule since July 21, 1954, over 312 years. Yet 


the Nichrome hearth shows no signs of wear. Its heat- 
hour cost record has been satisfyingly low. 

“Most important factor in the excellent low heat- 
hour cost record of this furnace”, Jim Mathews re- 
ports, “is the use of the Nichrome hearth which has 
outlasted all the substitute alloys we tried prior to 
1954. True the first cost of Nichrome is somewhat 
higher, but it is actually the cheapest in the long run 
because it pays off in long operating life. In fact, we 
now also use Nichrome pots in our salt bath case 
hardening operations for the same reason”. 

Take a lesson from the industry which watches costs 
with a sharp pencil —to keep your heat-hour costs 
down to the very minimum specify Nichrome, and to 
get the benefit of priceless engineering experience 
without obligation, consult with us. We'll be glad to 
help you. 

+tAmerican Gas Furnace Co., Elizabeth, N. J. 
*TM Reg. U. S. Pat. Office 


DRIVER-HARRIS COMPANY , 


HARRISON, NEW JERSEY ~ BRANCHES: Chicago, Detroit, Cleveland, Louisville 


Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco * in Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 
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Built by 


_HEVI- -DUTY 


specialists in 


‘ electric furnaces 
A) - 


a | 


Zee 
Allegheny Ludlum Chose This Pit Furnace 
...f0F top-to-bottom temperature uniformity 


Allegheny Ludlum Corporation, Los Angeles, uses this electric 
pit-ty pe furnace to obtain uniform hardness along the entire length 
of 42-inch extruding liners and rams. Uniformity over so great an 
area calls for unusually good furnace performance. That’s why 
they chose a Hevi-Duty furnace. 


A temperature check, made at 18 different stations within the 
furnace, soon confirmed the wisdom of their choice. It revealed a 
maximum temperature variation of only plus or minus 5°F. Con- 
trol like this has virtually eliminated rejects and demonstrated 
once again that it takes quality to make quality. 


Write for Bulletin 451 for complete details. 


®@ Heat Processing Furnaces is ra V 4 = D U T  f 


@ Dry Type Transformers 
®@ Constant Current Regulators 


Milwaukee 1, Wisconsin 
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Bonding Magnesium 


pickle. Shear values averaged 2600 
psi. and peel strengths were of the 
order of 40 lb. Subsequent hot alka- 
line chromate treatment to specifica- 
tion P-1-1 applied over the bonded 
specimens did not adversely affect 
the bond strengths; however the 
double treatment was unattractive 
since it added another step to the 
process and required additional proc- 
essing tanks. 

Variation of the immersion time in 
the hot alkaline bath did have a pro- 
nounced effect on the bond strength, 
both in shear and in tension (peel) 
Tensile shear stress showed a grad- 
ual loss in strength, and the peel 
strength showed a rapid loss in 
strength, with increased time. With 
immersion times of 2 to 3 min., good 
bonds were obtained with continu- 
ous uniform films. Photomicro- 
graphs of sections through the 
chromate film-magnesium interface 
and photomicrographs of the sur- 
faces of the chromate films re- 
vealed that during the first stage of 
the treatment a thin light gray crys 
talline coating was formed, which 
was tightly adherent and finely 
crazed. With increased time, these 
fine cracks were enlarged by the 
growth of a darker, amorphous ma- 
terial, which forced small fragments 
of the original coating to the outer 
surface. After 30 min. the coating 
had the appearance of a rough con- 
glomerate of minute gray slabs em- 
bedded in the softer dark material. 
With ZE 41, this light gray coating 
was formed in the first 5 min. of 
the treatment. 

Corrosion tests, applying 20% 
sodium chloride to chromate-treated 
and primed panels, resulted in good 
corrosion resistance for coatings ap- 
plied in 2, 5 or 30 min. 

Even in the best of the bonds 
pitting could be seen on the glue 
line as though some volatiles had 
been trapped. A further refinement 
of the curing cycle (varying tem- 
perature and time) did not improve 
this condition. Not until the con- 
densation products were allowed to 
escape during the initial curing was 
an improvement made. This was 
accomplished by applying a vacuum 
to the curing components up to 250° 
F., holding at that temperature for 
a short time, and then increasing the 
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pressure and temperature to com- 
plete the cure. Porosity at the glue 
line disappeared. With this ap- 
poach, the strengths for tensile and 
peel specimens cut from panels were 
3000 psi. and 50 Ib. 

Further work on this curing cycle 
revealed that the time required to 
reach the 250° F. temperature was 
very important. Too fast a heating 
rate did not allow the volatiles to 
escape, resulting in low bond 
strength, and with a prolonged heat 
up, a partial cure was effected be- 
fore the final pressure was applied, 
and an excessively heavy glue line 
was obtained. The optimum time 
to reach a temperature of 250° F. 
was between 15 and 30 min. 

After establishing the curing cycle, 
the effect of pH in the hot chromat- 
ing tank on the resultant bond 
strengths was determined. A pH of 
from 5.7 to 5.9 was found to give 
consistent good bonds. 


The Complete Process 


After insuring that all dimensions 
are correct and that the degree of 
flatness of curvatures is such that a 
good fit can be obtained at the ad- 
hesive line with no more than light 
finger pressure, components are sus- 
pended from a rack into a vapor de- 
greasing tank containing trichlor- 
ethylene. Degreasing is followed by 
immersion in a boiling solution of 2 
to 3% caustic soda for 10 min. Com- 
ponents are washed in cold water, 
then dipped in a chromic nitrate 
After the parts 
show a uniform silveriness (in 3 to 
5 min.), they receive the 2 to 3-min. 
hot alkaline chromate treatment. 
All components remain on the racks 
during the surface treatment prior 
to priming. They are then taken to 
the bonding shop where they receive 
the priming coat within 1 hr. After 
the degreasing (and until they are 
finally cured), components are not 
touched by bare hands; the opera- 
tors wear lint-free cotton gloves. 

Priming the Chromated Magne- 
sium—A thin uniform coating of 
Metlbond 4021 Type 11 adhesive is 
applied to the faying surfaces and 
allowed to air dry for 20 min. Com- 
ponents are then baked in an air 
circulating oven at 300°F. for 10 
min. This is followed by a second 
coating of the adhesive film which is 
again precured in an air circulating 
oven at 300° F. for 1 hr. 

(Continued on p. 138) 
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Built by 


HEVI-DUTY 


specialists in 
electric furnaces 





Byron Jackson Division, Borg-Warner Corporation, 
hardens and tempers high-strength components for 
oil well tools in this Hevi-Duty box furnace 


Steel parts processed by Byron Jackson, Los Angeles, face un- 
usually tough tests. They are used in oil well tools where every 
additional foot of depth adds still further to the weight, strain 
and torsional stress. In one instance, this equipment drilled to a 
depth of 23,000 feet — the greatest depth ever attained to date 


Byron Jackson found that components both hardened and drawn 
in the Hevi-Duty Multi-Range furnace provided maximum high 
strength characteristics. The wide temperature range combined 
with precise, uniform control make this furnace ideal for both 
operations. 


Write for Bulletin 341 for complete information on Hevi-Duty 
Multi-Range Box Furnaces. 


® Heat Processing Furnaces 


HEVI: DUTY 
ELECTRIC CO. 


Milwaukee |, Wisconsin 
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METAL-CLEANING JOBS 
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WOULD YOU LIKE 
TO IMPROVE? 


7 


Are you cleaning metal in the most economical way? See 


page 9 of Oakite’s FREE booklet on Metal Cleaning. 
Are you cleaning metal the fastest way? See page 12. 


Do you need room-temperature cleaning combined in one 
operation with temporary rustproofing? See pages 12 and 14. 


Do you know the advantages of alkaline pickling? 
See page 21. 


Have you compared the values of iron phosphate coating 
and zinc phosphate coating in preparation for painting? 
See pages 22 and 25. 


Can you use a cleaner that removes rust and oil at the same 
time; often eliminating all need for pickling? See page 30. 


Do you have trouble stripping epoxy resins, pigment res- 
idues, phosphate coatings and under-paint rust? 
See page 31. 


How do you clean parts that are too large to be soaked in 
tanks or sprayed in machines? See page 31. 


Are you getting full profit out of your finishing barrels? 
See page 32. 


What do you do when oversprayed paint neither floats nor 
sinks in your paint spray booth wash water? See page 35. 


Do you need better protection against rusting in process 
or in storage? See page 37. 


FRE For your copy of “Some good things to 

know about Metal Cleaning” write to 
Oakite Products, Inc., 26H Rector Street, New 
York 6, N. Y. 


OAKITE 
4 


Technical Service Representatives in Principal Cities of U.S. and Canoda 


Export Division Cable Address: Oakite 





Bonding Magnesium .. . 


The Autoclave Curing Cycle — 
The adhesive film is tailored to fit 
the components and a few cherry 
rivets are used to insure no move- 
ment of the components during 
bonding. Thermocouples are at- 
tached to the parts to record cure 
temperature at the joint. The as- 
sembled components are wrapped 
in canvas and inserted into a poly- 
vinyl-alcohol plastic bag fitted with 
felt as a vacuum bleeder. The bag 
is exhausted by vacuum pump and 
checked for leaks and then rolled 
into the autoclave. With vacuum 
pressure only on the assembled com- 


ponents, the temperature is raised 


Four Batches a Day are Produced 
in This Production Autoclave 


to 250° F. and held for 10 min. Un- 
der vacuum conditions inside the 
bag, condensation products are ex- 
hausted from the area of the joints. 
As well, the plastic bag prevents the 
outside pressure from getting be- 
tween the parts being bonded and 
cancelling the clamp-type action of 
the air pressure. Pressure is in- 
creased to 100 psi. and temperature 
is raised to 300° F. and held for 1% 
hr. (pressure cooking). Finally, the 
temperature is reduced to 140° F., 
the pressure is released, and the com- 
pletely bonded parts are removed. 
Inspection — With every batch of 
components, two 1-ft. square panels 
are included. These completely 
processed panels are then cut into 
l-in. wide strips which are then 
tested for peel and tensile strength. 
Tensile strength must average at 
least 2000 psi. with no value less 
than 1500 psi. Peel strength must 
not be less than 40 lb. With this 
process, Avro Aircraft now obtains 
strength greatly in excess of the 
maximum requirements. D.F.R. 
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LOW COSTS. 

USS “T-1" Steel's 
high yield strength 
(90,000 psi minimum) 
and ready weldability 
combined to reduce 
weight and keep 


fabrication costs low 


The trailer frame they couldn’t tear apart 


— built 25% lighter with (is8) “T-1” Steel 


The first big low-bed machinery hauling trailer 
built by Timpte Bros., Denver, Colorado was 
made completely from welded USS “*T-1”’ Steel. 
They sold it to a large construction firm .. . 
urged the company to try to tear it apart. 

That was three years ago . . . and according 
to Mr. R. R. Ruland, Vice President and Gen- 
eral Manager of Timpte Bros., the trailer is 
still in use. It withstood every test of lugging 
huge loads over rough, back-country roads. 


Since then, Timpte has built hundreds of 
trailer units designed to carry loads from 10 to 
75 tons... and now they are building one to 
haul 100 tons. All are made with USS “*T-1” 
Steel. 

Why did they use USS “T-1’’ Steel? 
First, they needed steel with sufficient strength 
to achieve a weight reduction of about 25%. 


Second, they wanted steel that is weldable and 
which retains its strength after welding. Third, 
they had to keep costs low. USS “*T-1”’ Stee! 
filled the bill on every count. 


What about your equipment? If it is 
mobile or stationary, if it must resist impact 
abrasion or shock, if it needs greater strength 
lighter weight and lower costs . . . you can 
probably build it better with USS ““T-1” Steel 


Write for our free book, “‘USS ‘T-1.’”’ 
It’s filled with practical suggestions and tech- 
nical information. United States Steel, Room 
2801, 525 William Penn Place, Pittsburgh 30 
Pennsylvania. 


Remember that we also make USS Cor-Tren, USS 
Man-TEN and USS Tri-TENn Steels. . 
for heavy-duty equipment. 


. standards 


USS, COR-TEN, MAN-TEN, TRI-TEN and ‘‘T-1"' are registered trademarks 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Steel - San Francisco 

Tennessee Coal & Iron - Fairfield, Alabama 

United States Steel Supply - Warehouse Distributors 
United States Steel Export Company 


United States Steel 
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These are Duraloy Shell Molded 180° Bends. And inciden- 
tally, several different alloying combinations of chrome 
iron and nickel are represented in these bends. 


One of the outstanding values in shell molded castings is 
the higher precision or close tolerance casting .. . also 
usually less machining and finishing . . . than when pieces 
are cast statically. For quantity production it is usually 


more economical. 


We suggest that you investigate shell molding for your 
high alloy casting requirements. It has much to offer and 
we have complete facilities for taking care of your require- 
ments. Should other casting methods—static or centrifugal 
be better, we have these facilities, too. 


OFFICE AND PLANT: Scottdale, Pa. 


EASTERN OFFICE: 
ATLANTA OFFICE: 
CHICAGO OFFICE: 
DETROIT OFFICE: 


12 East 41st Street, New York 17, NW. Y. 
76—4th Street, N.W. 
332 South Michigan Avenue 


23906 Woodward Avenue, Pleasant Ridge, Mich. 





British Nuclear Energy 
Developments 


Digest of “Technical Develop- 
ments in the Field of Nuclear 
Energy”, by Sir John Cockroft, 
presented at a meeting of the 
Dutch Engineering Society, Feb- 
ruary 1957. Preprinted by U. K. 
Atomic Energy Authority. 


HE DEVELOPMENT of nuclear 

energy for the generation of 
large-scale electric power reached 
an important stage when the United 
Kingdom Calder Hall nuclear power 
station was commissioned in May 
1956. This reactor consists of a 
core of 1200 tons of graphite blocks, 
contained in a pressure drum about 
40 ft. in diameter. 
tween the graphite blocks, 10,000 
uranium fuel elements, 4 ft. long and 


In channels be- 


1.15 in. in diameter, are stacked, one 
above the other. These are sheathed 
in an aluminum alloy having trans- 
verse fins for heat dissipation. 

Technical developments which 
made Calder Hall nuclear power 
plant possible were: 

1. Production of graphite having a 
cross section of less than 4 milli- 
barns, procured by careful selection 
and control of raw materials. 

2. A change from aluminum to 
magnesium canning, furnishing a 
lower cross-section material, usable 
at temperatures 100° higher. 

3. An improvement in uranium 
fabrication and heat treatment tech 
niques to reduce growth or distor- 
tion on thermal cycling or under ir- 
radiation, achieved by the produc- 
tion of small randomly orientated 
grains by heat treatment in the beta 
phase. 

4. A detailed study of the reaction 
between carbon dioxide and graphite 
as a function of temperature and ir- 
radiation. 

5. The alteration from longitudi- 
nal to transverse finning to improve 
the heat transfer characteristics 

Other important innovations per- 
tained to (a) determining optimum 
lattice parameters, over-all reactivity, 
and the control system; (b) welding 
the 2-in. thick, 47-ft. pressure ves- 
sel in place, and stress-relieving it 
to a dull red heat, with strain gages 
as indicators; and (c) installation of 
detectors for fuel element failures. 

Dr. Cottrell, working on solid- 
state physics, predicted that fission 

(Continued on p. 144) 
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The Legendary Firebird, the Phoenix, rose young and strong again and again from flames... This is the new Norton Firebird 
symbol for the exciting new fused materials made in Norton's electric furnaces. 


ZIRCONIUM: gift of the Firebird 


Like the legendary Phoenix, Norton 
electrochemicals are born in raging 
flames — armed with power to perform 
new wonders. Among these modern ma- 
terials are zirconium compounds formed 
at terrific heat in Norton electric 
furnaces. 

Today, zirconium compounds are 
among the most interesting develop- 
ments of modern electrochemistry. 
Norton now supplies these to industry 
as oxides, carbides, borides and nitrides, 
as well as calcium zirconate. 


While the complete extent of zirco- 


nium’s usefulness has not yet been fully 
explored, the Norton compounds of this 
element offer many new applicational 
possibilities — as source materials, met- 
allurgical additives, cermet components, 
electrical conductors and refractories. 
So do many other products of Norton 
electrochemical engineering, one or 
more of which may be vital aids to your 
own processing. 
FREE CATALOG. For a complete list, with 
detailed descriptions, write for the new 
booklet Norton Electrochemicals . . . Gifts 
of the Firebird to Norton Company, 


Electro-Chemical Division, 804 New 
Bond Street, Worcester 6, Massachusetts. 


ELECTROCHEMICALS 


Gifts of the Firebird: compounds of 
silicon « zirconium « boron « aluminum 
* magnesium « titanium « chromium 

. including many 
borides « carbides « nitrides + oxides 


MAKING BETTER PRODUCTS...TO MAKE YOUR PRODUCTS BETTER 
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THE CARBORUNDUM METALS COMPANY 


ONE experienced 
source of supply for 
Zr sponge... Zr ingot 
-e-and now 


TOR DESIGNER: This new development in 
zirconium supply means that the superior and versatile 
qualities of this metal are available now for 


incorporation in the design of all types of nuclear reactors. 


ICAL PROCESSING ENGINEER: 
Zirconium tubing ordered from one integrated 
manufacturer means that the super-corrosion 
resistance of this metal to either acids or caustics can 
be put to work in your systems today. 


“MORE Zr FACTS"”...This publication, the 
industry's first continuing source of technical information, 
is distributed by Carborundum Metals free of cost. 

A post card mailed today will place you on the mailing 

list to receive the next issue. 
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ZIRCONIUM TUBING manufactured to your specifications 
at a fixed price with guaranteed quality — another giant 
stride in the zirconium industry by Carborundum 
Metals. Orders for tubing are now being taken directly 
by Carborundum Metals where fabricating details are 
completely supervised for the end-user by working directly 
with highly qualified tube fabrication specialists. 


CARBORUNDUM METALS is an immediate source for 
your requirements in welded or seamless zirconium tubes, 
zirconium sheet, strip, bar, rod, wire, and foil. 
Commercial and nuclear grade certified zirconium ingots 
are ready for delivery in volume as are zirconium 


alloy ingots and sponge metal for open market use. 


FIRST by Carborundum Metais —- AGAIN! 
The 444” dia. x 13’ Zr pressure tube shown 
here was made for use in a pressurized heavy 
water atomic reactor. This tube is 


the frst of its size ever offered at a fixed 
price with guaranteed quality. 


Write today 


for latest price schedules and data 
sheets on all zirconium products. Address 
all inquiries to Dept. 91-87. 


THE CARBORUNDUM METALS COMPANY, Akron, N. Y. a 


Division of THE CARBORUNDUM COMPANY 


... Production Pioneer of ZIRCONIUM 


CARBORUNDUM 


REGISTERED TRADE MARK 


“ef 
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Nuclear Energy . . . 


QUALITY and COST CONSCIOUS (=a 
MANUFACTURERS choose - (mcr 


fold at a temperature of 100° C. 

bt - -- + i] (212° F.). He checked this by ir- 

AGF Rec | procati ng al rnaces radiating loaded uranium springs in 

. . BEPO, a graphite-moderated nat- 

f 0 f t h e | r p i 0 d i - t | 0 in h e r, | t ural-uranium pile, and noted the ex- 

tension. Thence, it was predicted 

t rea t n g —— Automatic continuous flow operation ge vaca plage sagt 

est fuel elements of the Calder re- 

reduces work Rendling: Coste Satay actor would bear the weight of all 

proves quality. , those stacked above them, and 

Full ge ge igs a beset would be substantially augmented 

range S Wek Whee y : , radiation. This theory was 
cation (pen points to forgings) with <degene 


largely borne out in practice. In 
any desired atmosphere. There's no future reactor designs, however, 
= YEARS OF 


SS Ba distortion with the ‘shaker hearth” each fuel element will be supported 
> ss oe work conveying system and contin- individually from the graphite, to re- 


uous individualized strict bowing. 
quenching. “ At the far end of the development 
scale was the fast breeder reactor 
British experiments with the zero 
energy fast reactors fueled by plu- 
tonium and uranium-235 were very 
favorable since they resulted in good 
breeding gains in the plutonium- 
uranium-238 system The next 
logical step was to build an experi- 
mental reactor (Dounreay) which 
would not only produce more fuel 
than it burned, but would also gen- 
erate power. 

The Dounreay reactor has a rela- 
tively small core — about 24 in. in 
diameter — composed of uranium- 
235 fuel elements. The heat is re- 
moved by liquid sodium. The re- 
actor contains a series of 12 heat 
exchangers with a secondary heat 
exchanger circuit. The core has a 
heat rating approximately 12 times 
greater than that of Calder Hall, and 
10 times that of the most highly 
rated boiler. Thus, metallurgical 
engineers have had to study care 


| s Reciprocating fully problems associated with ex- 
; st pansion and distortion of the core, 
SE Furnaces win anv- oa 


and its impact on reactivity. Ir- 

matic feeding and automatic radiation damage, due to high-in- 

quenching are continuous flow tensity fast-neutron flux —of the 
Taare ae stentend machines that can be operated as integral order of 101° neutrons per sq.cm. 
AGF Reciprocating automatic heat treating installations or they = sec. 3 . ~ limiting factor in 
Furnaces to meet can be incorporated into your plant pro- —. ae a the number 
your heat treating Aectien tine of times the fuel will have to be 
requirements. 


processed in its lifetime. 
Investigate the cost saving potential in your Cheap processing and long burn- 


plant by writing today for engineering and up are essential for the economic op 
metallurgical recommendations at no obligation. 








eration of fast breeder reactors. A 
number of safety problems also must 


Ww A se ' R | c A N G A S FU Q N A E : 0. be solved before it will * suitable 


for universal < icati 
FAYET TREET ELIZABETH 4, N. J sal application. 


, V. S. SWAMINATHAN 
Pome cote since 1878" 
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STRAITS 


TIN 
REPORT \@ 


New developments in 
the production, mar- 
keting and uses of tin 

SuREAU 


A new engine bearing alloy of tin 
(about 20%) and aluminum was re- 
cently perfected after more than 3 
years of testing. Of meshed tin-alumi- 
num, in which the tin forms a lace- 
work within the aluminum, the alloy 
gives a better balance between high 
fatigue resistance and low rate of wear 
than any other standard bearing known. 
It is also cheaper to manufacture than 
ordinary copper-lead. plated types. 


* * * 


In his address to the Legislative ouncil 
in December, His Majesty the Yang 
di-Pertuan Agong again stated that the 
policy of his government will be to 
assist the tin and rubber industries, 
upon which the economy of the Fed- 
eration of Malaya largely depends. 
“My government realizes it cannot 
maintain or increase the prosperity of 
the country unless it renders every 
assistance possible to both these in- 


dustries,” he said. 


A new alloy of tin (13%), alumi- 
num and titanium shows very 


good high-temperature character- 


Europe for turbine parts in air- 


craft engines. 


onl 
| 
| 
| 
I 
istics. It is now being used in | 
! 
| 
| 
all 


Glass and plastics can now be success- 
fully “tinned” with either solder or a 
fusible alloy. It is done by applying the 
metal from the surface of a small 
grinding wheel, which presses it into the 


ground surface 





Ask us to send you 
TIN NEWS, a monthly 
letter. It will keep you 
posted on tin supply, 
prices, new uses and 
applications 





The Malayan Tin Bureau 
Dept. 25E, 1028 Connecticut Ave., Washington 6, D.C. 
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High-Phosphorus Pig 
lron Refined With 
Lime and Oxygen 


Digest of “Oxygen Lime Pow- 
der Injection— A New Steel- 
making Process”, by B. Trentini 
and M. Allard. This paper was 
presented at the 15th annual 
A.I.M.E. Electric Furnace Steel 
Conference, February 1958. 


T IS NOW POSSIBLE to produce steel 
from high-phosphorus pig iron by 
the basic oxygen process When 
lime powder is injected along with 
the oxygen blast, the phosphorus 1S 
fluxed away, and steel fully equiva 
lent to that produced in the open 
hearth results 

The process, developed by the In 
stitut de Recherches de la Sidérurgic 
(IRSID), was first tried ir 
scale tests of 660 Ib. and 3 tons 


heats of 20 to 30 tons were soon 


small 


being produced. The small-scale 
charges were held in vessels with 
linings of rammed dolomite. For 
the larger charges, a basic converter 
with a tight bottom of rammed dolo- 
mite was employed; the lining con 
sisted of pressed dolomite bricks. 
The lance was water cooled, the 
end being located about 3 ft. above 
the bath level. Figure 1 shows the 
converter during preheating.) Pow- 
dered lime distributors permitted 
the injection of all the lime needed 
for refining. Pig irons with 1.8% 
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WIDEST 
APPLICATIO 


Whatever your cleaning job may be, 
there is a size and type of Malleabrasive 
shot or grit of a speciclized hardness 
to do your job best. 

Whether you use centrifugal or air-blast 
cleaning equipment—whether you want 
shot finish or grit finish— whether you clean 
steel, gray iron, malleable, bronze or 
aluminum, whether for cleaning before 
surface couting, enameling, metallizing, 
galvanizing, you can have in Malleabrasive 
the right type to do it best, 


The full and complete Malleabrasive 
process—used by us exclusively — enables 
us to combine the toughness of malleable 
iron with various degrees of hardness 
to produce abrasive “tailored” to 
your special needs. 

Our service personnel is available 
to consult with you without 






































































Fig. 1— View of Vessel for 20- 
Ton Heats During Preheating 
Note oxygen lance in foreground 





















THE GLOBE STEEL ABRASIVE CO. 

















Oxygen-Lime Process... 


P required an average of 330 lb. of 
lime per ton, while those with 0.2% 
P needed about 150 Ib. per tun. The 
lime used was of industrial quality 
and came from the steel plant bins. 
Charged to a hammer mill turning 
at high speed, a powder finer than 
2 mm. was produced. 

A virtually pure oxygen (99.5%) 
was supplied by a central plant 
under a pressure of 210 psi. Cool- 
ing additions consisted of either 
serap or rich iron ores which con- 
tained about 55 to 57% iron, 1 to 2% 
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Cubic Feet of Oxygen per Ton of Pig Iron 


Fig. 2—Changes in Carbon, 
Phosphorus, and Sulphur Dur- 
ing Oxygen Blow. The tem- 
perature rise is also shown 
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ALUMINUM and 
ARCHITECTURAL 
METALS COMPANY 


Heat Treating and 
Industrial Processing 
Accessories Division 

1974 Franklin Street 
LOrain 7-6880 
Detroit 7, Michigan 


vertical 
corrugation 
lengthens service 
life of retorts 


Repeat purchases by prominent Heat 
Treaters is their endorsement of the 
superior performance and economy of 
our Vertically Corrugated Retort. 


We will cooperate with your Engineer- 
ing Organization in designing your 
Alloy steel fabrications and other 
metal and non-ferrous metal fabric 
cations. 


We have facilities to form ¥%”" thick 
by 10 ft. long steel in our 500-ton 
Press Brake; heavier plate in shorter 
lengths. We also have facilities for 
roll forming heavy and thin wall cylin- 
ders to almost any diameter you 
specify. 


We have 25 years experience fabri- 
cating for the Heat Treating Industry 
and corrosion resisting metals for the 
Chemical Processing Industries. 


We solicit your inquiries for Retorts, 
Boxes, Baskets, Trays, Radiant Tubes 
and Fixtures etc. used in the Heot 
Treating Industry. 


For further information 
send for literature 





lime, and 10 to 12% silica. The 
greater part of the following techni- 
cal data refer to pig iron with a 
high phosphorus content; however, 
low-phosphorus irons have also been 
readily treated. 

The refining of high-phosphorus 
pig iron is divided into several steps. 
After pouring the pig iron into the 
vessel, it is tipped up to permit low- 
ering of the lance and admission of 
oxygen and powdered lime. Dur- 
ing the first phase, about two-thirds 
of the oxygen and powdered lime 
necessary for the complete refining 
are blown in. Ore or scrap is also 
added, depending upon the composi- 
tion and temperature of the iron. 
At the end of this stage, the bath 
should be about 2900 to 3000° F. 
for a basic slag low in iron oxide. 
That slag, which is not foamy, is then 
poured out in part. 

The blowing of oxygen and lime is 
started again, with an addition of 
ore or scrap, determined by the tem- 
perature during the first phase. At 
the end of this second phase, the 
metallic bath, which is around 2900° 
F., contains about 0.5% C and less 
than 0.1% P. Again the bath is 
partly slagged off. 

For the last phase, the blowing of 
oxygen and powdered lime is con- 
tinued until extra low-carbon steel 
is obtained. 

A ton of pig iron with 3.8% C, 
0.5% Si and 1.8% P consumes about 
330 Ib. of lime and 2000 cu.ft. of 
oxygen during the blow. With the 
present supply of oxygen, blowing 
time for a 20-ton heat is 20 to 30 
min.; time from charge to tap is a 
little less than 1 hr. As production 
reaches routine status, this time will 
undoubtedly be lessened. Figure 2 
illustrates the chemical and thermal 
changes which occur in the refining 
of a typical 20-ton heat. 

Generally, 


low-carbon rimming 
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ACP ALODINE* — its properties and functions in 
protecting aluminum alloys and bonding paint to them 


By ALFRED DOUTY: Technical Director, AMERICAN CHEMICAL PAINT COMPANY 


Aluminum protects itself against cor- 
rosion by a coating of its own oxide. 
This adds weight, but does not provide 
complete protection. Even commer- 
cially pure aluminum in clean air at 
ordinary room temperature oxidizes 
indefinitely. 

The use of adherent inorganic pro- 
tective coatings on aluminum has long 
been recognized as efficacious in re- 
ducing corrosion rate and prolonging 
paint life. Since aluminum oxide tends 
to be protective, it is natural that the 
most intensive early efforts in this 
direction should have involved proc- 
esses for improving the properties of 
the naturally occurring oxide coating. 
Anodizing, or electrochemical oxida- 
tion, although it is one of the most 
effective of such methods, is rather 
costly and time consuming. 


ALODINE? 

Early in 1945 a new chemical process 
was devised for producing an amor- 
phous phosphate coating on aluminum. 
Its simplicity, speed and economy and 
the unique properties of the coating 
have resulted in wide commercial ac- 
ceptance. It is called the Alodine 
Process. 

Some idea of the effectiveness of the 
Alodine coating or. unpainted 3S Grade 
aluminum may be had from Fig. 1. All 
panels were removed from the salt 
spray cabinet after 300 hr. except the 
Alodized and anodized panels, which 
were continued to 800 hr. 


Organic protective and decorative coat- 
ings, such as paint, likewise require a 


4 


Fig. 1. Salt spray test comparison of Alodine 
with other surface treatments on unpainted 
aluminum. (Left to right, top row) solvent wiped 
—300 hr.; alkali cleaned—300 hr.; phosphate 
coated—300 hr. (Bottom row) chemically oxi- 
dized—300 hr.; anodically oxidized—800 hr.; 
Alodized—800 hr. 
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corrosion-retarding undercoating of the 
kind produced by Alodine to achieve 
their maximum life and adhesion. 

The effect of the Alodine coating in 
retarding underpaint corrosion is shown 
in Fig. 2. The Alodized panel was 
given a top coat only. All other panels 
in the series were primed after the 
surface treatments with a regular auto- 
motive product, baked, given a surface 
coat dry-scuffed with sandpaper as per 
standard automotive practice, and then 
finished with a regular black baked top 
coat. The panels were removed from 
the salt spray after failure of the paint 
film had set in. 


Fig. 2. Salt spray test comparison of Alodine 
with other surface treatments in retarding un- 
derpaint corrosion. (left to right, top row) 
alkali cleaned and phosphoric acid dipped— 
300 hr.; phosphoric acid, solvent cleaned— 
300 hr.; zinc phosphate coated—400 hr. (Bot- 
tom row) anodically oxidized—3000 hr.; Alo- 
dized—3000 hr. 


COATING CHARACTERISTICS 

The coating produced by this new proc- 
ess is an amorphous metallic phosphate, 
dense, rather hard, and apparently non- 
porous. Unlike most oxide films, it is 
nonabsorptive and cannot be dyed or 
stained. Sealing in hot water or salts 
has no apparent effect. It differs mark- 
edly in appearance from previously 
known phosphate coatings, as shown 
in Fig. 3. 


Electrical Resistance. Very little informa- 
tion is available at the present time on 
the electrical properties of the coating, 
but it is known that resistance increases 


Fig. 3. (Left) conventional phosphate coating 
on aluminum; (right) Alodine coating produced 
in 3-min. immersion, rinsed and air dried. 
Magnification 500 diam. 


very rapidly with thickness and as a 
result coatings normally produced offer 
extremely high resistance. 


Weight and thickness. Generally speaking, 
the weight of the amorphous phosphate 
coating increases with processing time, 
bath strength, and bath temperature. It 
is interesting to note that the increase 
becomes less and less pronounced as 
the temperature increases and actually 
reverses itself into a sharp decline be- 
tween 130 and 140°F. 


Adhesion. The original purpose in devel- 
opment of this process was to improve 
adhesion of the paint to aluminum sur- 
faces and thus lengthen their overall 
life. Only later was it discovered that 
the film itself provides corrosion re- 
sistance. 


Resistance to Bimetallic Corrosion. Since it has 
very high surface resistance, the coat- 
ing, as would be expected, offers good 
resistance to bimetallic or galvanic cor- 
rosion. Test samples are available to 
illustrate the insulating effects. 


We present here a general and by no means 
complete, report on ACP Alodine—its prop 
erties and uses in protecting aluminum alloys 
Your ACP sales representative can give you 
a much fuller story. Or write us at Ambler 


*Alodine is a registered trademark of Ameri 
can Chemical Paint Co 


+Since the introduction of Alodine amor 
phous phosphate coatings, ACP has devel 
oped a complete line of Alodine amorphous 
chromate coatings for superior corrosion 
resistance. 


AMERICAN CHEMICAL PAINT COMPANY 


Detroit, Mich. 


Wiles, Calif. . Windsor, Ont. 


New Chemical Horizons for industry ond Agriculture 











PYROTAC 


Automatic protection 
against temperature damage 


Just as a fuse protects electrical circuits against overloads, the Alnor 
Pyrotac automatically protects furnaces, kilns and other heating equip- 
ment against damage due to excessive temperatures. 

This low-cost, easily installed instrument can be added to any auto- 
matic or manually controlled equipment and give continuous protection 
...Safeguard your investment in equipment, controls and material in 
process. 

Highest Alnor quality throughout, the Pyrotac features Alnico magnet, 
double air-gap movement that is standard in all Alnor pyrometers... 
laboratory precision...industrial ruggedness which assures top reliability. 

Write today for complete details on the Pyrotac, available in eight 
scale ranges from 0-600° F. and 0-3000° F. Ask for Bulletin 2002. 


Illinois Testing Laboratories, Inc., Room 523, 420 North LaSalle St., 
Chicago 10, Illinois. 


W/4 PRECISION INSTRUMENTS 
FOR EVERY 


INDUSTRY 








Oxygen-Lime Process . .. 


steels obtained from high phospho- 
rus pig iron by this method are char- 
acterized by their very low phospho- 
rus, sulphur and nitrogen contents. 
For example, a series of seven 20- 
ton heats contained 0.04 to 0.07 C 
0.016 to 0.025 P, 0.008 to 0.013 S, 
and 0.001 to 0.002 Ni These 
values show that the steel produced 
is equivalent to openhearth quality 
in phosphorus content and is consid- 
erably better in sulphur and nitrogen 
content. 

Several other advantages exist 
For example, pig irons rich in sili- 
con can be refined without foaming 
or splashing of slag, less iron oxide is 
formed (reducing red fumes) and 
fluxing agents are not needed. The 
absence of fluxes presents a very 
appreciable advantage with regard 
to the life of the lining; the low con- 
sumption of dolomite is confirmed by 
the magnesium oxide contents of the 
slags, which are about 1% in th 
intermediate and final slags 

It is also possible to apply the 
process to pig irons with lower phos- 
phorus contents. The mechanical 
properties obtained on the material 
are equivalent to those of a deep 
drawing openhearth steel. It is felt 
that this process also compares favor 
ably with the basic openhearth proc 
ess when production rate, investment 
costs, and production costs are taken 


into account. . 
C.R.W 


Outlook for Beryllium 


Digest of “Beryllium Pres- 
ent and Potential Uses”, by 
Lawrence F. Boland. Presented 
at the Atomic Energy Manage- 
ment Conference, sponsored by 
Atomic Industrial Forum and 
National Industrial Conference 
Board, New York, March 17, 
1958. 15 p. 


ERYLLIUM owes its recent expan 

sion of production to the growth 

of atomic energy. Two materials are 

involved: beryllium metal and beryl- 

lium oxide. They complement each 
other. 

Practically all bervllium metal is 
used as a reflector or moderator in 
order to capitalize on its low thermal 
neutron absorption cross section 
For example, the new A.E.C. Engi- 
neering Test Reactor at Idaho Falls 
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WHEN WEIRKOTE GOES ON THE JOB, 
PIATING OPERATIONS CAN GO OUT THE WINDOW. 


THE PROBLEM: The close channel walls and variable stages of these steel frame parts 


defied economical, uniform, flawless plating. ti 


THE SOLUTION: The manufacturer switched to Weirkote zinc-coated steel sheets. WEIRTON 
Result—uniform anti-corrosion protection for his parts, which means that the manu- 

facturer may eliminate post-fabrication plating. Weirkote’s continuous-process integrates pSTEEL 

the zinc and the steel. Even though you work Weirkote to the limit of the steel itself, it 

just won't flake or peel. It gives first-class protection against corrosion, eliminating 

inventory losses which might occur in the factory. And it gives first-class protection when WEIRTON STEEL 


out doing its work for your product. COMPANY 


And now, Weirkote is treated to inhibit wet storage (white oxide) stain. WEIRTON, WEST VIRGINIA 


Look into Weirkote zinc-coated steel sheets and the many cost savings and product © division of 
advantages it can lay on your doorstep. Write for free brochure today. Weirton Steel 
Company, Dept. S-!1, Weirton, West Virginia. NATIONAL STEEL ar CORPORATION 





1. Stage is jocusable to chjectives by low-positioned coarse and fine adjustments. Allows arms and hands to 
reat easily on work surface. Fingertip control of the built-on circular MICRO-GLIDE stage gives you unbeliev- 
ably fine adjustment accuracy in any horizontal direction. 


YOU SAVE WHEN YOU BUY 
THE NEW AO METALSTAR 


...a microscope designed specifically 
for metallurgical uses 


Here’s a new custom-designed Metallurgical Microscope that’s easy on 
your eyes, your back and your budget. ; 

With it you get short mount objectives and a really good circular, me- 
chanical stage at much less than you would : 
expect to pay. 

The AO METALSTAR, a result of American 
Optical’s extensive development program, is 
an instrument designed from your viewpoint 
..-@ precise instrument that’s extremely easy 
to use. 

Stage and specimen are focusable to the 

objectives by conveniently positioned coarse 
and fine adjustments. Your arms and hands 
rest comfortably on the table. The MICRO- 
GLIDE Stage allows you to position the speci- 
menquicklyand exactly.Comfortably inclined, 
rotatable monocular, binocular or trinocular 
bodies permit you to use the METALSTAR 
for long periods without fatigue. 

Large vertical 2.75 amp. illuminator is effi- 2. Coupled visual and photo- 
cient for all visual observations as well as graphic system lets you shoot 
photomicrography. what you see! 

Rugged cast aluminum 
stand; tough baked Epoxy \ Free METALSTAR Color Catalog, 
enamel finish resists scratch- \y \ Select the microscope exactly 
ing, chipping and chemical suited to your needs. Full descrip- 

. ° \ tion of models, accessories, costs. 
deterioration, " ) Write: American Optical Com- 
It will pa you to look into pany, Instrument Division, Dept. 
this new ME TALSTAR. é = A119, Buffalo 15, New York. 


American Optical Company 


INSTRUMENT DIVISION, BUFFALO 15, N.Y 





Beryllium . . . 


has, surrounding the core of the 
reactor, an inner reflector of beryl- 
lium. Its primary purpose is to 
reflect neutrons from the chain re- 
action back into the core, thus re- 
ducing the amount of fuel needed 
and increasing reactor efficiency. 

New Uses — In addition to its uses 
in nuclear reactors and in alloying 
copper, beryllium is being con- 
sidered for many other applications. 
These include parts of X-ray cam- 
eras and high-speed cameras, aircraft 
brake parts, underwater instruments, 
accelerator targets, as a “getter” ma- 
terial for use in heated liquid metals, 
gas turbine engine parts, high- 
frequency electronic parts, aircraft 
instruments, beryllium additives to 
aluminum, zinc and other alloy melts 
to act as an oxidizer, high-velocity 
testing equipment, beryllium addi- 
tives to steel and to aluminum baths 
for coating of steel, rotor shafts in 
refrigeration equipment and rocket 
engine components. 

The Air Force and the aircraft 
industry are showing substantial in- 
terest in beryllium for structural ap- 
plications in aircraft, missiles and 
perhaps space ships. Interest here 
stems from the fact that beryllium 
is the only light metal with a high 
melting point and extremely high 
modulus of elasticity. Although 
beryllium is almost as light as mag- 
nesium, the modulus of elasticity is 
one-third greater than that of steel. 
Currently under way are many re- 
search and development programs 
on beryllium, sponsored by the Air 
Force. Programs contracted for to 
date include evaluation of additives 
to beryllium, brittle-phase investiga- 
tion and sheet rolling. Further re- 
search projects are planned on cast- 
ing, composite materials, joining and 
surface effects, as well as programs 
on development of forging and ex- 
trusion alloys. 

Beryllium Oxide — Indications are 
that beryllium oxide may rapidly 
parallel beryllium as a material for 
construction of atomic reactors. It 
is a refractory material with rather 
unique properties. Prime interest at 
present is in its use as a moderator 
and/or reflector, chiefly to take ad- 
vantage of its high melting point 
(twice that of beryllium metal). 
Hot pressed and machined shapes of 
beryllium oxide are now being pro- 
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Air-gas Ratio Valve 


For precise control of furnace atmospheres .. . 


Twin installation of Model 6-MR 
Atmos Gas Generators deliver up to 
6,000 cfh at Thomas Strip division 
of Pittsburgh Steel. Increased equip- 
ment capacity, reduced labor costs, 
and closer control make Kemp units 
money savers in every installation. 


Come to Kemp 


For heat treating and annealing metals in inert 
atmospheres, you can rely on Kemp Atmos or 
Nitrogen Generators as a dependable source 
of inert gasses. Kemp generators are built 
around the patented Kemp Industrial Carbu- 
retor, which guarantees a steady supply of 
exact analysis inerts, regardless of demands on 
the line. With Kemp units supplying your 
furnaces, you get greater control . . . a better 
product at lower cost. 

The Kemp Atmos Generator, a rich 
exothermic gas producer, is suitable for most 
furnace applications; while for more critical 
uses the Kemp Nitrogen Producer is recom- 


mended. Both are noted for durability and 
dependability. Rugged Kemp design gives 
optimum performance for years, with only 
minimum maintenance and care. 


Kemp generators may be engineered as an 
integral part of new furnace construction, 
adapted to existing units, or furnished as a 
separate setup. 


Your Kemp Representative, listed 
in the Chemical Engineering Cata- 
log, will give youcomplete details. Or 
write direct for Bulletins 1-100 and 
1-101. The C. M. Kemp Mfg. Co., 
405 E. Oliver St., Baltimore 2, Md. 





LOOK WHAT HAPPENS 


STU | ame) am fel olaldehi-t> Me aol ais 


INQUIRIES ARE ANSWERED PROMPTLY— 
Whenever you call or write for infor- 
mation on prices, availabilities or 
service, you get a prompt reply. 


DELIVERIES ARE MADE ON TIME— 
Orders for the most frequently used 
types of wire cloth are promptly filled. 
If we can’t supply what you want 
from our complete stock, we’ll schedule 
our looms to get it to you as soon as 
possible. 


INSTALLATIONS ARE CHECKED—At 
Cambridge, orders aren’t filled and 
forgotten. Our own sales engineers 
follow up your order to make sure our 
product is giving you the best possible 
service. 


QUALITY, OF COURSE—Individual loom operation and countless 
checks on mesh size and mesh count assure you of highest quality 
wire cloth when you specify Cambridge. 


Let us quote on your bulk or fabricated wire cloth needs. Samples for inspec- 
tion or test purposes are available upon request. Call your Cambridge FIELD 
ENGINEER. He's listed in the phone book under “Wire Cloth.” Or, write direct 
for FREE 94-PAGE CATALOG and stock list giving full range of wire cioth avail- 
able. Describes fabrication facilities and gives useful metallurgical data. 


Department B, 

Cambridge 5, 

Maryland 
OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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Beryllium 


duced commercially to densities as 
high as 2.85 g. per ce. (about 95% of 
theoretical) for use in nuclear re 
actor construction 

Electronic Uses — Unlike most 
ceramic materials, which are poor 
heat conductors, beryllium oxide 
possesses high thermal conductivity. 
It also possesses good insulating 
pruperties for high-frequency elec- 
trical currents. These characteristics 
suggest many applications in elec- 
trical and electronic fields. Among 
applications being considered are 
Klystron and ceramic tubes, for 
which low dielectric losses and high 
thermal shock properties are re- 
quired. Work-is being done on 
beryllium oxide for power tube com- 
ponents to increase power output of 
the tubes and reduce the size of 
cooling units. Beryllium oxide is 
also being used as a slurry for coat- 
ing graphite crucibles where carbon 
contamination is undesirable. It is 
being studied for use in antenna 
window applications, airborne radar 
antennas for electronic parts, high- 
temperature thermocouples, protec- 
tion tubes, cooling power transistors 
in electronic equipment and for 
guided missile components such as 
gas seals. 

Today, in the electronics industry 
the trend is towards higher service 
temperatures. This creates many 
new problems. Beryllium oxide is 
radiation stable and _ has _high- 
temperature characteristics including 
good thermal shock properties. This 
should suggest many applications to 
the electronic-nucleonic engineer. 

Shortcomings — An obvious ques- 
tion: Why isn’t beryllium now being 
used in more tonnage by the aircraft 
industry, in electronics and in other 
fields? The answer lies in these four 
limiting factors: cost, availability, 
brittleness and toxicity. 

Though demand has brought the 
cost of beryllium metal down from 
the $100 to $150 per Ib. for which it 
sold in the late forties, it is still an 
expensive metal. Today's prices are 
around $47 per lb. for billets, $65 to 
$80 per Ib. for hot pressed and rough 
machined blocks. If the anticipated 
aircraft uses materialize, however, 
these prices might be reduced. It has 
been estimated that if present an- 
nual volume holds and an additional 
200,000 Ib. of beryllium a year were 
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Brake Die saves shop time 
in forming overlap for steel spout 


The problem sounded simple enough — 
putting an overlap in a section of 20- 
gage stainless steel, which was then 
formed into a spout for use in meat- 
packaging tables. But getting a tool steel 
which could do the job more economically 
than the grade formerly used was some- 
what of a challenge for the manufacturer, 
J. B. Dove & Sons, Inc., Philadelphia. 

The answer was Bethlehem Brake Die, 
supplied by our local tool steel distribu- 
tor, Hill-Chase & Co. Beeause of Brake 
Die’s easy machinability and good wear- 
resistance, the new die minimized manu- 
facturing costs. It also helped in pro- 
ducing a better-looking product. Said 
one of the Dove engineers: “We like 
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Brake Die. It’s doing a good job for us.” 

Brake Die, a special alloy steel, is oil- 
quenched and tempered to develop a fine 
balance of mechanical properties. It’s 
ideal where wear-resistance, toughness, 
resistance to impact and good machin- 
ability are required. 


Typical Analysis 
Carbon 0.50 
Chromium 1.00 


Manganese 0.90 
Molybdenum 0.20 


Chances are there might be one or more 
applications in your shop right now 
where Brake Die steel could be used to 
good advantage. Why not talk it over with 
your Bethlehem tool steel distributor? 


gETHIEHEN 
STFEL 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


How to Shrink-Fit 
Tool Inserts 


Shrink-fitting of tool steel inserts is a 
procedure which is being widely used to 
improve the service life of tools. Shrink 
fitting is most applicable to rings and 
cylinders, such as are used in heading and 
drawing operations where the tools can 
be shrink-fitted into retaining 
rings. The shrink-fit sets up radial com 


large 


pressive stress in the tool, which is 
available to oppose radial tensile stress 
set up in service, and thereby improves 
the performance as compared to solid 
tools which are not pre-stressed. Shrink 
fitting of tools should be carried out 
follows: 


1. The retainer must be of adequate 
diameter and strength to provide the 
stresse required on the tool insert. This 
oneal means that an alloy steel 
capable of hardening to approximately 
300/400 BHN must be used. Shock 
resisting tool treated to 
approximately Rockwell C 48 to 52 are 
used on heavy duty applications. It is 
recommended that the OD of the retainer 


steels heat 


be a minimum of twice the ID (prefer 
ably three times the ID). 


2. A shrink-fit allowance of .003/ .004 in. 
per in. should be provided for. This means 
that the OD of the insert is .003/.004 in. 
per in. larger than the ID of the retainer 
into which it must fit. These dimensions 
must be carefully maintained in order to 
obtain the benefits of shrink-fitting. 


3..The OD of the insert and the ID of 
the retainer should have a smooth finish, 
preferably produced by grinding. 


4. The retainer should be heated to a 
temperature sufficient to cause the ex 
pansion necessary to assemble the insert. 
Care should be exercised not to exceed 
the tempering temperature used in heat 
treating the retainer. If necessary, the 
insert may be sub-zero cooled to aid 
providing the clearance required for 
assembly. 


5. After assembly of the parts, cooling 
of the assembly should be rapid enough 
to prevent over-tempering of the insert 
by heat transferred from the retainer. 
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Photograph on left 
shows conventionally- 
cast plater bar. 


Sa RUIN 
ae a 


PorterPlate is on right. 
Note solid, homogeneous 
composition 


New PorterPlate bars are continuously cast and extruded 


GAS HOLES AND BLISTERS 
ELIMINATED 


New techniques have produced a new kind of plater bar —a continu- 
ously cast and extruded product called PorterPlate. These new proc- 
esses have eliminated the gas pockets and blisters that characterize 
conventionally cast plater bars. Carefully controlled pouring of the 
molten metal and controlled solidification rates result in a remarkably 
sound metal of extremely dense, homogeneous composition. 


PorterPlate bars are available in all popular base metals, including 
nickel silver. And Riverside-Alloy’s long years of experience in plater 
bars (they were our very first product) assure you of consistent qual- 
ity and uniformity in every new PorterPlate bar. 


We’d like to send you complete details on PorterPlate. Information 
is free, and yours by writing to Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. 


H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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Beryllium 


required, the price could be reduced 
another 15 to 20% 

Periodically, when beryllium is re- 
viewed for possible use in new fields, 
one of the negative features men- 
tioned is its scarcity. The beryllium 
industry has never been put to a test 
but it is confident that substantial 
increases in the supply of beryllium 
can be found as new uses develop. 
With regard to production capacity 
for beryllium metal, two new plants, 
designed for a minimum of 100,000 
Ib. per year each, have sufficient 
capacity to supply all near-future 
beryllium requirements. 

Brittleness — Ways must be found 
to make beryllium more ductile. Its 
lack of “three-dimensional” ductility 
prevents its fabrication by conven- 
tional metalworking techniques. 
The solution to the ductility problem 
is the primary objective of most of 
the research work being conducted 
on beryllium today. However, the 
picture is not quite as black as it 
would first appear. Beryllium is 
already being used for structural 
parts. The problem of brittleness is 
one of degree and does not prevent 
the use of present-grade beryllium in 
aircraft and missiles. If further re- 
search gives methods for producing 
beryllium metal with greater duc- 
tility, larger fields of application will 
result. 

The health hazard associated with 
improper handling has constituted 
another barrier to the wider use of 
beryllium metal and beryllium oxide 
There is no question about the toxic 
problem, but it’s not insurmountable 
Beryllium can be handled safely 
with proper controls. Today, many 
government installations and an in- 
creasing number of industrial con 
cerns are fabricating beryllium parts 
in their plants. 

Fabricators Needed — There is a 
need for additional fabricators of 
beryllium metal components to sup- 
ply both nuclear and nonnucleat 
fields, not only aircraft subcontract 
ors, but also companies whose 
normal business is forging, precision 
machining, stamping, manufacturers 
of fasteners, instrument makers and 
others. Interest in beryllium as a 
material is advancing rapidly, and 
current research will create future 
demand for sources of bervllium 
components A.G.G. 
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Premium quality extruded steel 
pressure tubing at standard prices 


High performance Chrome-Moly Alloy extruded’steel pressure tubing 
...in diameters from 14” 'to 18” o.d:...in standard wall thicknesses 
...én lengths from 20 to 46 feet...is now available from stock for 
immediate delivery at standard prices. 

Other diameters, of Chrome-Moly and Austenitic Stainless, ranging 
from 10” to 20” with wall thicknesses 42” to 544” and in lengths up 


Transverse Strength, 30% to SUS to 50 feet, are available on a four-month delivery schedule. 


higher than conventional, withstands } 
higher internal pressures. The unusual properties of this extruded tubing, such‘as exceptionally 
high transverse strength, impact strength and ductility, make it ideally 
suited to high-temperature, high pressure applications in, the power, 
petrochemical, food, processing and other process industries. 


Improved Internal Finish offers less Contact our nearest distributor or district office. Experienced ap- 


resistance to flow — reduces pressure plication engineers are available for consultation. 
drop. 


Complete Engineering and Processing Services for: Extrusions + Castings 
; Forgings - Machining 


METALS PROCESSING DIVISION 


Fewer and Faster Field Welds, . 
due to close concentricity and uni- a. = 
form wall thickness. 50-foot lengths’ ‘ 


require fewer joints, reduce welding . 
costs 50-60%. ' CORPORATION 78 GRIDER ST. BUFFALO, N.Y. 


Distributors: Capitol Pipe & Steel Products, Philadelphia, Penna. * Tube Soles, los Angeles, California * District Offices: Chicago, Iilinois, 
208 South LaSalle Street * Wood-Ridge, New Jersey,/ Mdin and Passaic Streets * North Hollywood, California, Van Owen & Vineland * Dayton, Ohio, 
131 North Ludiow Street * Export Division, 50 Rockefeller Plaza, New York, N. Y. * Montreal, Quebec, Canada, 1980 Sherbrooke Street, West. 
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Presenting the NEW 


Pc ENGINE-DRIVEN 


for rugged in-the-field welding! 





...“‘Self-adjusting” voltage 
control 


.40 to 500-amp welding 
range 


..Superior arcs 
..low gas consumption 
.many other features 


HARNISCHFEGER 


WELDERS + ELECTRODES + POSITIONERS 
MILWAUKEE 46, WISCONSIN 
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200 AMPERE PcH ox 
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The new P&H engine-driven welders combine 
rugged, simple design with superior welding 
characteristics for long-life, low-cost welder 
operation. Elimination of non-essential parts 
and easy access to all adjustments simplify 
operation in the field — assure a self-contained 
source of dependable power for heavy-construc- 
tion, pipeline, maintenance, and repair welding. 
Other benefits include: 


®@ Available in 200, 300, and 400-amp sizes — 
skid or trailer mounted. 


® Stable current — even at extreme ends of 
range. Limited current peaks allow deep pen- 
etration without burn-through. 


®@ Automatic self-adjusting voltage control — 
dial setting provided for six electrode sizes. 


@ Easy, accurate current control — exclusive 
design allows precise settings and resettings. 


® Superior arc characteristics—maintain 100% 
arc stability — instantaneous recovery — 
prevents popouts. 


@ Powerful Hercules engine— permits full-shift 
operation — with gas to spare. 


® Dependable idling device — automatically 
slows engine down to idling speed when not 
welding. Saves gas and oil, reduces wear. 








Flame Washing in 
Steel Foundry 


Digest of “Flame Washing of 
Steel Castings”, by A. F. Choui- 
nard, Welding Journal, Vol. 36, 
March 1957, p. 219-224. 


ccorDING to the author, removal 
of riser pads, fins, chill bars, 
reinforcing nails and core chaplets 
from steel castings can be accom- 


plished by oxy-acetylene flame w ash- 
ing in one-quarter to one-third the 
time required by conventional chip- 
ping and grinding techniques. Capi- 
tal investment is said to be as little 
as one-tenth that involved in grind- 
ing, and certain working conditions 
are improved, such as a reduction in 
the noise level and reduced vibra- 
tion fatigue. 

Adherence of sand to fins compli- 
cates flame washing since insufficient 
heat is provided to melt the sand 





Stability 


—) 


must be more than skin deep! 


Cincinnati Sub-Zero 
insures maximum 
stability of metals .. . 
even at supersonic speeds! 


Speeds of thousands of miles per hour . . . murderous split-second 
temperature and altitude changes . . . today’s aircraft, rockets and 
missiles survive an almost unbelievable assault in the vital race for 


preparedness. 


Whether or not your products are involved in this “race”, Cincinnati 
Sub-Zero production chilling or environmental test units can help 
them survive . . . produce completely stabilized steels that retain high- 
impact hardness and dimensional stability under toughest conditions. 


Write us for Catalog and outline your needs for a no-obligation recom- 


mendation on a custom-designed unit. 
Booth No. 976 


Convention Hall, Philadelphia 


May 1 to 8 


CINCINNATI SUB-ZERO PRODUCTS 


General Offices and Plant: 3930 R8 READING ROAD, CINCINNATI 29, OHIO 
Member, Environmental Equipment Institute 





without gouging adjacent areas. 
With a modification — injecting iron 
powder into the carrier gas — intense 
heat is generated by the reaction 
between oxygen and iron powder, 
thus melting oxides as fast as they 
form. Molten iron oxide from the 
reaction fluxes and dilutes the refrac- 
tory oxides to form a fluid slag which 
is easily washed away by the torch 
flame. 

Steel analysis may restrict use of 
flame washing because of cracking 
danger. Castings under 0.30% car- 
bon, however, can be washed read- 
ily, and even those with up to 0.50% 
carbon may be processed if the work 
is performed while the castings are 
still hot. 

Gates and risers must be removed 
first by oxy-acetylene cutting torch, 
leaving pads no higher than ‘% in. 
for subsequent flame washing. 

Manipulation of the torch is 
vitally important, either an oscilla- 
tion with a forward motion or a 
counterclockwise elliptical motion 
combined with forward travel being 
recommended. Pads larger than 4 
in. in diameter require more than 
one washing pass. 

Stainless and 
steel castings 


high-alloy 
cannot be flame 
washed except by use of the ferrous 
powder addition. 
to cast iron. 


other 


The same applies 


ARTHUR H. ALLEN 


Zone Refining of Copper 


Digest of “The Zone Refining 
of Impure Copper’, by E. D. 
Tolmie and D. A. Robins, Jour- 
nal, Institute of Metals, Vol. 85, 
January 1957, p. 171-176. 


O THOSE acquainted with the zone 

refining of germanium, the re- 
action of copper to zone refining 
Only in 
the zone refining of germanium has 
the purification reached a parts per 
ten million figure, while chromium 
and manganese are the only other 
metals to have reached a parts pet 
one million figure or better. In 
these microscopic quantities, dif- 
ficulty is experienced in estimating 
impurity: For germanium, con- 
ductivity is used as a yardstick of 
purity, and in experiments with cop- 
per, results are based on spectro- 
graphic measurements obtained by 
the molten-globule technique. 

Results indicate that the phase 


may seem disappointing. 
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Model Model MEC 
U-11 


unghie uly $1195 


BINOCULAR MODEL only $1379 


BINOCULAR MODEL only $599 


UNITRON METALLOGRAPH and Universal Camera Micro- 
scope, Model U-Tl: A completely self-contained instrument of 
modern design for visual observation, photography, projection 
and measurement of both opaque and transparent specimens, 
using bright-field, dark-field or polarized illumination. While 
compact in size, it duplicates the performance of large, cumber- 
some instruments. Even laboratories on a limited budget can enjoy 
the accuracy, speed and efficiency possible only with o complete 
installation of this type. 


Standard optics include 5 porfocal objective lenses with 
revolving nosepiece, 4 photographic eyepieces on a revolving 
turret, 3 visual eyepieces, all coated. Magnification range: 
25-2000X. 


High-intensity illuminator with variable transformer built 
into the microscope base. 


Built-in 344" x 414" camera. The image is avtomatically in 
focus in the comera and transition from observation to pho- 
tography is instantaneous. 


Calibrated square mechanical stage with calibrated rotatable 
stage plote. 

Colibrated polarizing opparatus, transmitted-light accessories 
for transparent specimens, filters, micrometer eyepieces, film 
holders, cabinets, dustcovers, etc. all included. 


Additional accessories, available at extra cost include: 
Polaroid Land Camera attachment for “60-second”’ - 
raphy; 35mm camera attachment; low power (5-40X) 


objectives; vacuum heating stage for temperatures to 1100°C. 








THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKING 


FREE 10 DAY TRIAL 


204-206 MILK STREET - BOSTON 9, MASS. 


UNITRON INVERTED Metallurgical Microscope, Model MEC: 
Many of the features of the UNITRON Metollograph U-11, which 
ore connected with visual observation of opaque specimens, ore 
included in this compact unit. Think of the time which can be 
saved in your laboratory by providing eoch metollurgist with 
one of these hondy, inexpensive units for use at his desk. Model 
MEC is also ideal for use together with a polisher or micro- 
hardness tester. 


» Standard tics include 4 parfocal objective lenses: 5X, 
10X, 40X, 100K oi! immersion on revolvi nosepiece; 3 eye- 
pieces: P5X, Micrometer 10X, Kel5X, of coated. Magnif- 
cation range 25-1500X. 

Vertical illuminator with iris diaphragm. Transformer housed 
in microscope base. A microswitch on the base provides an 
extra high intensity for photography. 

Binocular model has provision for attaching 35mm camera 
to microscope base. A 35mm camera attachment is available 
to attach to the eyepiece tube of the monocular model. 
Calibrated squore mechanical stoge with calibrated rotatable 
stage plate. 

Calibrated polarizing apporotus, 5 filters, dustcover, cabinet, 
etc. all included. 

Additi | jes available ot extra cost include: 35mm 
comera attachment; K20X eyepiece for 2000X; transmitted- 
light accessories for transparent specimens; vacuum heating 
stage. 





INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC CO. 


on any UNITRON MICROSCOPES... 
Compony _ 


Let the instrument prove its value to you—in your oes 
own laboratory — before you decide to purchase. e. — — 
ewe sew so eee mee 
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Zone Refining .. . 


diagrams of copper binary systems 
may be used to estimate the segrega- 
tion characteristics of alloying ele- 
ments during zone refining of dilute 
copper alloys, - Calculations of the 
partition coefficient of zone-refined 
copper-compare reasonably with the 
partition coefficient obtained from 
the phase diagrams. One assumes 
that the differences that occur can be 
attributed to inherent control diffi- 
culties. 








™ 
> 


In the process, oxygen-free high- 
conductivity copper having a copper 
content of 99.99% was used. Major 
impurities remaining were 0.003% S, 
0.003% Ag, and 0.0007% Ni. All 
the added alloying elements con- 
tained less than 0.5% of the total 
impurity. 

Initial Refining — Concentrated al- 
loys were made in a magnesia 
crucible under an atmosphere of 
pure hydrogen, using high-frequency 


How to get va por-free high vacuum heating. Alloy ay! contained chro- 


mium, cobalt, iron, nickel and silver, 


. each at a concentration of 0.05%, 

fast ove with the ROOTS pump balance copper. Alloy “B” con- 

tained antimony, chromium, cobalt, 

Now you can achieve completely dry pressure in the 10' to 10-°mm Hg range iron, manganese, nickel, silicon, 

using only a mechanical high-vacuum pump. silver and tin each at a concentra- 

Probably the world’s fastest pump in this range, the new Roots pump tion of 0.01%, balance copper. 

works without the aid of oil or steam vapors. (These master alloys were diluted 

A pair of finely machined rotary pistons do the pumping. The pistons never to the required composition by re- 

touch one another or the pump casing, so the Roots pump needs no oil seal- melting with additional quantities 
ing. It cannot contaminate a system with backstreaming vapors. of copper.) 


aS <) 


oe 
ikth 


Diagram shows cross-section view 
of Roots pump, Model VP-R- 1600. 


x * 
a 


coibtva 


i 





A The copper ingots were cold 
Consider these other advantages: rolled to a bar 9 mm. (0.35 in.) 
1. Speed. The model shown above has a ; square and cut into 20-cm. (7.87- 
throughput of 10,400 micron cu. ft. per eal - in.) lengths. The surface of the 
minute at 10 microns. y= P | bars was cleaned first mechanically 
2. No shaft seals, no leaks. Motor oper- * and then chemically with 60% 
ates within the vacuum. " —_ nitric acid. A portion was removed 


3. No by-pass or valving. Roughing is done We a each bar for spectrographic 
directly through the pump. "aoe eis a ae 

4. Quiet. The Roots pump does not vibrate or ogy . ie PE 
when in operation. — roat, degassed at about 
5: Loli peter cetbuniption 2800° C. (5070° F.) in a graphite 


; resistor furnace, carried the copper: 
Under a license with the manufacturer, bar. The boat was then placed in- 
Heraeus (Hanau, Germany, CEC is exclu- pong dere Ao vocag, Mcgee side a transparent silica tube through 
sive agent for all seven models of the Roots  Roots-pump used. Furnace melts “but- which -passed dried and _ purified 
pump in this country. tons” to ingots. 0 compe useful for hydrogen. The boat was conveyed 
For data oa performance and theory of high =a ca points. <r oe gee mechanically at controlled speed 
operation, write for Bulletin P8-20. Bulletin P4-28. along the silica tube. The sample 
‘ was heated at the midway point by 

a 25-kw. induction coil which sur- 
Consolidated Electrodynamics rounded the silica tube. The added 
elements iron, cobalt, and nickel 

Rochester Division, Rochester 3, N. Y. segregated to the starting end of 
the bar, and the others to the finish- 


SALES AND SERVICE OFFICES IN PRINCIPAL CITIES ing end. H. J. Roast 








METAL PROGRESS 








Met aul Progress 








The Buyers Guide 
For Metals Engineers 





Shipped Completely 
“Set-Up” = 


Previously 
Tested and 
ready to 
operate. 


6 STANDARD MODELS 
No engineering charges 


Lotest convenience features ond safety de- 
vices included. Design changes to suit re- 
quirements Electric, gos or oi! heated. 
Write for bulletin 





ON OUR SERVICES 


PACIFIC FURNACES ARE ENGINEERED 
= THE INSIDE OUT 


The special wall holding anchor tiles 
developed and patented by Pacific have 
solved the problems of furnace wall fail- 
ures due to unequal expansion and con- 
traction of inner and outer wall surfaces. 
These wall holding anchor tiles save 
rebuilding time, costs and are GUARAN- 
TEED FOR FIVE YEARS. 

Pacific ENGINEERS, BUILDS, ... 
SEI all types of industrial heating 
equipment. 


THE 


FOR COMPLETE Va elie 
INFORMATION MAIGGEE 


we 


INDUSTRIAL 
FURNACE CO. 


87 Standard Bench $110.50 


and Cabinet Models 


— WRITE OR CALL 24680 Telegraph Road, Detroit 19, Michigan 


Phone: Kenwood 3-6900 











Tee . Corroll “s 
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HIGH-DENSITY SINTERED METAL PARTS 


carburized tensile strength to 200,000 psi. 


Supermet combines the economy of powder 


metallurgy with the properties of controlled 

gz carburization to give you solid steel parts at 

= low cost. Seven ranges of properties available 

in electrolytic iron; we also invite stainless 





steel parts. As an indication of accuracy, we 
are currently pressing AGMA commercial class 
4 spur gears. Send a part print for evaluation. 


Supermet Division 
GLOBE INDUSTRIES, INC. 
1465 Cincinnati St. Dayton 8, Ohio 
free technical literature 
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the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added 

For information or 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write to... 


b 
9 
My 
Q 
z 
Q 
3 
* 
r 


: ALDRIDGE 
ne Wee INDUSTRIAL OILS, Inc. 


SAVE SPACE WITH A 3401 W. 140th St., Cleveland 11, Obie 


SERIES 805 5 LIST NO. 27 ON INFO-COUPON PAGE 1!70 


COMBINATION MODEL | "***° 


- 
* 
Y Two independent furnaces (hardening and le-QUARTZ 


drawing) in the same floor space one requires. 


Complete with independent controls. Harden- IMME RSIO N 


ing furnace available in both a 2000° and a 
-—2°—4 2300° F. range. : obit HE ATE R 


50 Ge. €.-A. Contiet Ther Drawing furnace has a maximum of 800° ¢,* i Weis. for 
mocouple to Brown Elec- Quench tank included with the exception of rr Rersisss 
Se "Strip Chart Instr, to the largest standard model. siti ‘ Your Every 
Soleneid o-- yt Chamber Size Prices bis: Heating Requirement 
pee . per hou Bt 
. H. w. L. 2000° F. 2300° F. 
: 8055 6" x Go x12" $965.00 $ 975.00 NYY)... ° INSTANT HEATING 
se? ah sm 1325.00 1450.00 3 
COR E----- SKIN—— 12” x12" x24" 1850.00 1950.00 Hh © SHOCK-PROOF 
18” x 18" x 36” 2750.00 2875.00 ttt 
*Also available up to 1250° F. : f @ AVAILABLE IN ALL VOLTAGES 


: —WATTAGES 
WRITE FOR FREE LITERATURE, SPECIFICA- ity ' . 
TIONS ond price list cf Lucifer Furnaces in ss ONE AND THREE PHASE 
wide range of sizes—top loading and side load- a Available from your 
“ : Welte, wite ales tie — : Electroplating Distributor, 











LUCIFER 
THE A. F. HOLDEN ComPANY | FURNACES, INC. Me: QUARTZ 


i NESHAMINY 7, PA. fart lovehby io 
14341 Schaefer Highway Senate Gta Seett ELEC . wc oughb Oh 
DETROIT . MICHIGAN Re f Phone: Willoughby 2-5521 
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WIRETEX custom built MUFFLES 
assure labor saving operating efficiency! 


Features: @® High crown e Extra braces 

e Capacity for holding shape « Double 

secured weldments « Strict adher- 

ence to specifications « Quick . 

delivery « Low cost ALL 
WERETEX designed MUFFLES offer SIZES 


exceptional opportunities to lower 
costs. Built to take extremely high 


temperatures and strong atmospheric ALLOYS 


conditions. If you have a sintering 


furnace problem or are dissatisfied CAPACITIES 





METAL PARTS 
CLEANING“ 
PROBLEMS 


Get the answers RIGHT 
from RAMCO’S 
new BULLETIN! 


Send for your copy of 
the Ramco Bulletin. 
See how Ramco 2- and 
3-dip degreasers can 
solve your metal 

parts cleaning prob- 


with the results you are now getting, . lems, economically 
let us help you. : - efficiently, safely! 
: st ; mf Write today! 
= mfg. co. | | 
| Specialists. in Processing Carriers Since 1932. . Bridgeport 5, Conn. AMCO EQUIPMENT CORP. 


Sa on OfV. OF RANDALL MFG. CO. INC. 
issssssss: : 809 Edgewater Rd., New York 39, N.Y. | 


7 











: Before You Buy Muffies. . . See WIRETEX 
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PRODUCED AND PRICED RIGHT 
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DYNA-TROL Cortertiag Atenaphore 


QUEOQUS SYSTEM 





FIRING 
. “wD ~ Contre! 
} 40" x4e" x" 
4 . | 79 6°x6"x9" 
Eliminates RUST v 
Piz 2° x12" 7 
& ] 775. 00 
| 18°x18"x30" $1125.00 


Fire Hazards 


Automatic Controls Available on all Models 





a Infinite zone tempera- 
Non-Flammable ; c % k : ture contro! 
. & +h he > eet tame 
Non-Toxic - aa crrenrr 
Ppa 4 Automatic hold and eut- 
Send for Brochure: a eS off instrument available $1325.00 
The ABC of Rust-Lick Patented element holders Other Sizes and 


for Rust Prevention Infinite variety of time- [, Savengements Available 
} a curves ob- 4 
na 


Rugged construc’’.a MANUFACTURING CO. 
Chester 77, Pa. 








PRODUCTION SPECIALTIE 
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WA “ T € . eve coo. FURNACES FOR SALE 


24x36x18 Lindberg 5SOKW 2000°F 7'x7"x5’ Richards B4KW 450°F 
36x72x23 GE. 72KW 2000°F 6x1 2'x42” Lindberg Gas 1250°F 
48x84x24 American 100OKW 1850°F 4'xi5‘xé’ Despatch Gas 850°F 
24x36x14 Surface Gas 1850°F 24%x36"x24" Lindberg 45KW 1400°F 
54x96x24 Surface Gas 1850°F 66%x16'x76" Lindberg 18OKW 1250°F 
PIT TYPE PIT TYPE CARBURIZERS 
20x22 G.E 48KW 1200°F 14xI8 L&N Vapo 1'KW 1850°F 
28x28 Lindberg 52KW 1250°F 14x18 L&N Homo 30KW 1850°F 
48x72 Lindberg Gas 1250°F 20x36 L&N Homo 72KW 1850°F 
48x96 Surface Gas 1250°F 10x20 HeviDuty 14KW 1500°F 
48x96 Lee Wilson Rad. Tube 1850°F 25x48 (New) L&N Micro !00KW 1850°F 
CONVEYOR TYPE RECIRCULATING BRAZING TYPE 
72x40'x30 Surface RirHirth Gas 1250°F 18x42x12 Lindberg Pshr 60KW 2500°F 
SIR PLUS FURNACES 27x15'x12 R&S MshBlt Gas 1250°F 28x17’x!2 G.E. RirHirth 320KW 2050°F 
REWARD 36x33’x12 Despatch MshBit Gas 875°F 62x18'x24 G.E. RirHirth 655KW 1650°F 


SEND FOR COMPLETE LIST 


WE PAY CASH FOR SURPLUS INDUSTRIAL FURNACES THE JOE MARTIN Co., INC. 


ASD RELATED APPRRATES 19256 John R. St. TWinbrook 2-5500 Detroit 3, Mich. 
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PRECIOUS 
METALS 

FOR 

INDUSTRIAL 
PLATING 


BRIGHT GOLD 


Mirror-bright finish in any thickness 
directly from the bath. Patented 





PUR-A-SALTS 


Restores contaminated cyanide plat- 
ing baths to full, trouble-free 
operation. Patented 


SILVREX BRIGHT SILVER 


Crystal-clear solution that produces 
mirror-bright deposits. Patented 


SILVER SOL-U-SALT 
Non-dusting — safest and easiest 
to use. 


BRIGHT RHODIUM 


Brilliant, fine-grained non-tarnishing 
deposits. 


RHODEX 


Only rhodium electroplating process 
that yields extra heavy compressively 
stressed deposits. Patent Pending 


ACID GOLD PLATING PROCESS 
Developed specifically for plating 
printed circuits. Mildly acid so that 
neither the laminate nor the adhesive 
at the inter-face of printed circuit 
boards are affected during the plat- 
dng process. 


Complete installation and servicing 
on all preci metals 


SEL-REX 
CORPORATION 


Dept. BB, Nutley 10, New Jersey 
Offices: Detroit, Chicago, Los Angeles 
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GOOD USED EQUIPMENT AT 
REAL SAVINGS TO YOU! 


In our large, rapidly turning-over stock, we 
often acquire brand-new items, still in their 
original crates. We offer these at a fraction 
of their replacement cost, and with the same 
gvorantee that the original manufacturer 
gives. One of our new furnaces is pictured 
below. 


Lindberg 
“Iron Lung" 
Pusher 


Our stock is constantly changing! Before you 
buy any furnace or accessory, call us collect 
and let us show you how to save money! 
(Money-Back Guarantee). We pledge that 
any unit we advertise is in stock at one of our 
warehouses at the original time of publica- 
tion. However, they are subject to prior sale, 
so act now! 


METAL TREATING 


EQUIPMENT EXCHANGE, INC. 
9825 GREELEY ROAD 
DETROIT 11, MICHIGAN 
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KENTRON 


MICRO 
HARONESS 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 


CLIFTON NEW JERSEY 
LIST NO. 53 ON INFO-COUPON PAGE 170 








Controlled Atmospheres 
Including chemical equilib- 
rium, prevention of oxida- 
tion, type of reaction, surface 
effects; extensive discussions 
covering costs. 17 eminent 
authorities participate in this 
important volume. 323 pages 
— 6x9 — red cloth — $4.00. 
Clip and send to ASM Infor- 
mation Service, 7301 Euclid 


Ave., Cleveland 3, Ohio. 
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| SELLIFFE | 


LIST NO. 91 ON INFO-COUPON PAGE 170 


HEAT-TREATING 
BASKETS 


All shapes, sizes, alloys. 
Estimates without obligation. 


THE c. Oo. 


JELLIFF | 


MANUFACTURING CORP. 
SOUTHPORT, CONNECTICUT I! 


Se a a a A Se se 4 
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I M-\elalaliomGlelle 
Fwlammelse)i: 
with 
“Explorer” 


CHROMALLOY Cas 
gurtace the chrom 
« 359% to 45 
© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
© NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

© NO SKILL REQUIRED 

© SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 

Many thousands used by industry and government. 
Write, wire or call jor additional details and prices. 


NEWAGE INDUSTRIES, INC. 
222 York Road Jenkintown , Pennsylvania 
TUrner 48494 Dept. MP 
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CHROMIZING PROCESS 
COMBATS... 


HEAT 
WEAR 
CORROSION 














STEEL FABRICATED 


and RUBBER-LINED 
TANKS 


for the Plating Industry 


CHROMALLIZING diffuses chromium into the rns 
surface of iron and steel parts, providing the cor- = 
rosion resistance of stainless steel and the wear 

resistance of chromium carbides. CHROMALLOY 


Case cannot chip, peel or flake. 


Certain component parts of 
“Explorer”, the first American satel- 
lite, required gold plating. Logical 
choice was Technic 24 karat IN- 
DUSTRIAL GOLD — the first and 
purest soluble 24 karat gold in the 
world. Or out of it! 


Chromatloy Corporation is fully equipped for proc- 
essing large or small quantities of parts. Engineer- 
ing advisory service available. 


@ Plating tanks any size or shape fabricated 
and rubber-lined to your specifications. A 
complete service from basic 
design to installation, also fabri- 


FREE! TECHNICAL BULLETINS 
cated and rubber-lined pipe 
and fittings. Write Dept. “MP” 


. \hromalloy 
kw CORPORATION 
for complete details. 


451 Tarrytown Road, White Plains, N.Y. 
t { Automotive Rubbe Telephone White Plains 6-0020 
ARco STEEL FABRICATORS * INC. 


12542 BEECH ROAD * DETROIT 39. MICH 


UNIQUE PROPERTIES 
SOLVE UNIQUE PROBLEMS 
Precious metals are finding extra- 

ordinary applications in industry 
and the ie sameway Electroplating 
offers an efficient method of explor- 
ing and exploiting such character- 
istics as the unique and diverse 
properties of gold — not found in 
combination in any other form. 


TECHNIC SERVICE 
If you have requirements for 
electroplated gold, other precious 
metals, or alloys — consult Technic. 
We equip you with controlled elec- 
troplating apparatus and/or solu- 
tions that eliminate variables, assure 
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WS 


Being published regularly 

Every issue features a full-length 
technical article on the use of 
MOLYKOTE Lubriconts in industry. 
“How-to” stories on tough lubrication 
applications 

Get on our mailing list TODAY. 


WV GW{Cvw Ee o’».LnDW2w/C 





precise performance reproducible 

as often as required. Find out how 

Technic Service assures quality 

with economy. 

Phone, wire, TWX or write... 
160-8 


is ’ | ' 
PECHATICLING. 
39 Snow Street A “he 

Providence, @. | , > 
JAckson 4200 


Chicago Office 


North Clerk 
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Solve 


Inspection 

Tol aitale 

Demagnetizing 
Problems 

with 


MAGNETIC ANALYSIS... 





MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 





SPECIAL EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of non-ferrous bars 
and tubing . . . as well as both non-magnetic 
stainiess and high temperature steel bars 
and tubing — seamless or welded. Mechanical 
faults, variations in composition and physi- 
cal properties are detected simultaneously. 
Average inspection speed — 200 ft. per 
minute. 





WIRE ROPE EQUIPMENT 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 





COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 
plating. 


Pickling Tank Test 
in 3 minutes... 


WITH FERRO 
PICKLE PILLS! 


Any workman who can tell red 
from green and count to 
ten can test the exact strength 
of pickling solutions . . . the 
exact percentage of iron con- 
tent, and the solution percent- 
age of sulphuric acid, muriatic 
acid, alkali etc. in metal 
cleaning tanks. 


Ferro Pickle Pills provide a 
quick, accurate test to augment 
periodic titration testing, or as 
a “test within a test’. They can 
assure full-capacity cleaning 
with fewer rejects, save money 
by eliminating premature 
dumping of tanks. That’s why 
more and more companies are 
using them. Why don’t you try 
them? Write today for literature 
and prices, 


FERRO CORPORATION 


4133 East 56th Street 
Cleveland 5, Ohio 
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_ 
SS ROLL 
: FORMED 

SHAPES 


Reduce your assembly problems and costs. 
Our shapes continuously formed, with high 


A 





g y. from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ROLL FORMED PRODUCTS CO. 


MAH GPFICE ANG PLANT 
3761 OAKWOOD AVE. + YOUNGSTOWN, OH10 
LIST NO. 10) ON INFO-COUPON PAGE 170 





Need Help Designing That Aluminum Extrusion? 


TEAM UP Ad 
with JARL 


~ THERE'S A 


WORLD OF 
DIFFERENCE 


| aommon txTnasions 


The difference starts the moment you meet 
the Jarl salesman. He's an engineer 
well qualified to make on-the-spot rec 
ommendations in designs. Team up with 
Jarl and you'll get the right shapes made 
to most exacting design specifications 
You'll be sure of close die control 
quality safeguards every step on-time 
deliveries. Send for our stock die catalog 
or send rough sketches for assistance with 
your design 


ANODIZING 
JARL EXTRUSIONS, INC. 


Dept. MP, Linden Ave. + East Rochester, N. Y. 
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DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 





MAGNETISM DETECTORS 


inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


For Details Write 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St,, Long Island City 1, N. ¥ 





THE TEST TELLS 
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Rapid, Accurate, Non-Destructive 


VIDIGAGE 


14” or 21” Cathode-Ray Screen with 
direct-reading scales between 0.005” 
and 2.5”; accuracy 0.1% to 1.0%. 


AUDIGAGE 


Portable Thickness Testers for ranges 
from 0.020" to 4” or 0.060” to 12” 
of steel; accuracy up to 1.0%. 


Detect Laminar Flaws and Lack of Bond 


= ae) oe ee 


INSTRUMENTS, 


6 Brown House Rd Stamford 
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INC. 


Connecticut 


Specializing 
in Ultrasonics 
Since 1946 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

In Canada—Hamilton, Ontario 
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Winitelliging 
MAGNESIUM 


SARS, STRIPS 02)" min. to? 
. min. a mar, 
comprehensive SOLID SHAPES 027" min to 635" 


independent circle 
TUBING };” 0.0. to 6” 0.0. 


to OW SHAPES \,” io 6),” circle 
of essum HOLL 4” to 655” cire 
a. PLATE & SHEET .092" to 3” thick 


ALLOYS 
Z 


aa’ HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street Brooklyn 22, N.Y. 
Factories: Brooklyn, N.Y. © Warsow, Ind. 
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END 
POT 
FAILURE 


Switch to scheduled pot maintenance with 
low-cost pressed-steel pots for lead, salt, 
cyanide, oil-tempering, metal-melting. 
Can't turn suddenly defective, because 
no faulty stecl survives drawing. Request 
catalog from Eclipse Fuel Enginecring 
Co., 1127 Buchanan St., Rockford, Ill. 


INDUSTRIAL 
COMBUSTION 

: DIVISION 

INFO-COUPON PAGE 170 
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ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
PRODUCTION OF SMALL PARTS 

Beryllium Copper @ Bronzes 
Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 
finish for solderability. 
Write for descriptive folder. 


LITTLE FALLS, ALLOYS 
193 Caldwell Ave., pinciene 1,N.J 
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How Rol! Coater 


Pe- 


+4 
meTAL SAVED MONEY / 
AND IMPROVED | 


PROBLEM: 


Stcllo Products € ompany l ogansport In- 
diana, manufacturer of tags, license and 
“booster” plates, had the problem of ex 
cessive direct labor charges. In the previous 
expensive method of making these items, 
plates had to be stamped from bare metal 
—and then cleaned = individually—and 
spray painted on both sides. This method 
did not give the uniform quality de- 
manded—and Stello turned to Roll Coater 
for a solution 


SOLUTION: 


Roll-coatcd metal was tested by Stello 
Products Company. Pre-painted and baked 
on both sides, this metal climinated en- 
tirely the cleaning and spray painting op 
erations —withstood rigorous stamping 
tests—and relieved painting facilities for 
other jobs. Says J. C. Cotner, president of 
Stello Products Company, “Roll Coater 
metal is now saving us approximately 50% 
in direct labor costs—and is giving us the 
desired uniform quality in our plate pro- 
duction. It really solves our problem.” 


SEND FOR FREE BROCHURE and 
SAMPLE TODAY! 


O. OUPON PAGE 170 
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DERMITRON 


NON-DESTRUCTIVE 


COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


® Instantly measures the thickness 
of metailic and non-metallic coat- 
ings and films 

® Based on eddy-current principles 

® Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


© Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

® Non-metallic coatings (such as 
paint, anodizing, hard-coat, ceramic) 
on metal base 

© Metal films (such as vacuum met- 
alizing) on non-metallic base (pias- 
tics, ceramics) 


MEASURING PROBES ARE 


AVAILABLE IN THE THREE 
TYPES SHOWN BELOW 


NEW RIGHT-ANGLE 

PROBE model “RP” en- 

ables measurements in holes 
down to V2” 1.D. 


Seeeeeeeeeeeeeeeeseeeeeeeee 


STANDARD PROBE mode! “SP” 
enables measurements on con- 
vex surfaces down to Ve” ra- 
dius of curvature and on 
concave surfaces down to 

2” radius of curvature 


Seeeeeeeeeeeeeeeeeeeeeeeeee 


MODIFIED STANDARD 
PROBE model “MP” enables 
measurements on concave 
surfaces down to 4” radius of 
curvature 


eeeeeeeeeeeeoeeoeoeeeeoeeeeeee 


Each of the above probe types is 
available in 4 different thickness 
ranges—A, 8B, C and D, from thick to 
thin deposits. 

Write for latest bulletins and ques- 
tionnaire to help solve your thickness 


UNIT PROCESS IA 


ASSEMBLIES, INC. 
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> we 
the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never approached in 
ACCURACY AND 
CONSTANCY of cali- 
bration . . . at the 
standard 3000kg test 
load .. . maximum 
error plus or minus 
2, kg 


Write for Bulletin 
No. A-18 








GRIES INDUSTRIES. INC. 


LIST NO. 135 ON INFO-COUPON PAGE 1!70 





WRITE FOR 


GRAPHITE 


INFORMATION 


CUSTOM MACHINED PARTS FOR 
SEMICONDUCTOR PROCESSING 


Your custom requirements ore available 

. matchlessly machined . . . high purity 
graphite for cll phases of semiconductor 
processing: reduction and refining boats— 
crystal-pulling heaters and devices—fusion 
jigs and components. 


PRODUCTS FOR SPECIAL 
METALLURGICAL APPLICATIONS 


Complete range of stock sizes in rods, 
blocks ond tubing ovoilable. Also, your 
custom requirements of specially machined 
articles can be promptly produced. 


PREFORMED SHAPES FOR 
VACUUM FUSION ANALYSIS 


Matched crucible and funnel combinctions 
. powder ond chips . . . all avoilable 
from stock for immediate shipment. 


WRITE, WIRE or PHONE 
FOR YOUR CATE 


" Star Stainiess 
screws ive 
clean—bright—sh iny— heads 
Srar sraincess screw co. 
Oe game 647 Union Bivd., Paterson 2,N. J. 
G-ae és Telephone: CLifford 6-2300 
Direct N.Y. ‘phone Wisconsin 7-904! 
Direct Phila. ‘phone WAlnut 5-3660 
LIST NO. 99 ON INFO-COUPON PAGE 170 





ARE YOU 
A MAN WITH 


"A THEORY... 


. that an aluminum extrusion is the 
practical approach to a functional metal 
parts application ... at a savings in time 
and money, and without loss in quality? In 
fact, the properties — you theorized — of 
extruded aluminum would even be better? 
If so, G.E.1.'s engineers are ready to consult 
with you — without obligation, on one part 
or a million — to determine how practical 
your idea is. G.E.1. engineers specialize in 
adapting extruded aluminum to mew func- 
tional roles. 


LIST NO. 141 ON INFO-COUPON PAGE 170 








FTG. 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 


from solid stock. 
Only finish oper- 
ations required 
ore reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 


ping for set screw 


MORGANVILLE, N. J. 


LIST NO. 4 ON INFC 





SPECTROGRAPHIC ELECTRODES 


Recognized as the standard of the world, 
United's rods, powders ond wide range 
of preformed electrodes ore avoilable 
in the right sizes ond designs for your 
spectrographic work. 


Integrate your marking operations by utilizing present 
equipment and incorporating a Matthews’ Marking 
Device! Matthews will machine and engrave a die 
or type to suit your product. Our complete line of 
Type and Die Holders, too, are easily designed to 
fit existing press equipment. Write or call today 
for additional information. 


— H. MATTHEWS & CO. 


f Service to Industry 
Mbinieliige MICH ma: 








Matthews also fea- 
ture a complete line of 
General and Special 


U N iT = D Purpose Machines. 


CARBON PRODUCTS CO. Send ier Bulletin 
P.O. Box 269 + Bay City, Mich GPF-200 





LIST NO. 179 ON INFO-COUPON PAGE 170 LIST NO. 166 ON INFO-COUPON PAGE 170 
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HAWKRIDGE METALS 
CORPORATION it better! 


Producers and Sellers of 


TITANIUM 
POWDER 


—-40 to +300 mesh 


North Randall 22, Ohio 


2-6100 


¢ Coated, Straightened 
e Cut © Coiled and Spooled 


Automatic Welding... 


¢ All Analyses 


High Purity 99.2% Pi 
Commercial 98.6% Pi 


North Hampton 
New Hampshire 


THE CYCLOGRAPH, (Model C) 


MOntrose 


... for unscrambling 
metal mixups 


Phone 





LIST NO. 177 ON INFO-COUPON PAGE 170 This instrument permits truly 
high speed, non-destructive 
HARDNESS TESTING sorting of raw, semi-finished or 
SHORE SCLEROSCOPE finished parts by their metallur- 
ae RE RS EE gical characteristics. With the 
Sa Scechdill Minos new Automatic Sorter Unit, 
1907 speeds up to 300 pieces per 

minute are possible with the use 
Available in Model C-2 of suitable feeding equipment. 
(iHusteated). or Model Used by leading industrial firms 


D dial indicating with everywhere 
equivelent Brinell & y : 


Rockwell C Hardness 
Numbers. May be used 


freehand or mounted on J Wi DICE C0 
bench clamp. . 2 : 
“Non-destructive Testing and Measuring Instruments” 
Englewood 3 New Jersey 








71830 Miles Avenue 





OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Von Wyck Exp., Jamaica 35, N.Y. 


in Canada: Non-Destructive Testing Corp., Ltd., Toronto 


in providing the correct— 
Stainless and Heat Resistant Arc Welding Electrodes 











. His years of experience and leadership 


LIST NO. SC ON INFO-COUPON PAGE 170 





MAURATH, INC. 


LIST NC. 133 ON INFO-COUPON PAGE 170 





—place a trusted guarantee back of your welding operations. 








Na Te | | 
A CABLE SPLICED 
ARCO systems IN 10 seconps! 


PLATING « PICKLING « METAL 
cueanine FUME SCRUBBING 


@ Reasonable 

initial cost . . . 

_} economical in 

| Operation... 

| no moving parts 

. . . efficient in 

performance... 

compact—re- 

quires little 

space. .. stand - 

a ard units—7200 to 57600 
 C.F.M. Write Dept. “MP” for 


a ERICO PRODUCTS, INC. 
| St bgel teban s: Complete Arc Welding Accessories 
RUSBER co. * INC 2070 E. Gist Place, Cleveland 3, Ohie 
cos a oe —- Write for Caddy Catalog 
LIST NO. 154 ON INFO-COUPON PAGE 170 LIST NO. 71 ON INFO-COUPON PAGE 170 





Call Mr. Electrode. . 
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Fra 7h UNIVERSAL 


HARDNESS 
TESTER 


Tensile and fatigue test specimens can be 
accurately machined from foil metals as light 
as .0005” or heavy .500” plate in less than two 
minutes. Machined edges are completely free 
of cold working and the specimen configura 
tions arc duplicated within + .0005" 

TensilkuT machines a wide range of metals 
including steel, aluminium, stainiess steel, 
copper, titanium, uranium, lead, the supe 
alloys and all plastic materials 

Tensilkut table and floor models are avail 
able with motors from % to 2% HP. Write fo 
our latest brochure 


Trade Mark Registered U.S. Patent Office 
Patents Pending United States & Canada. 


talog 505 


OPTO-METRIC TOOLS. inc 


137 m™ ARICK STR T YOR 13 
‘ ov os. a oe LIST NO. 131 ON INFO-COUPON BELOW 
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STANDARD 
REFERENCE 





ye AE 
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SPECIAL SERVICE ON HIGH SPEED STEEL FORGINGS 


FAST NATION-WIDE SERVICE 
--- YOUR STEEL OR OURS 


Complete Source For Forged Products Up To 4000# 
Rings, discs, spindles, bars or special shapes to your 
specifications. 

28 Years Of Specialized Experience 
In production of high speed tocol and alloy steel 
flat die forgings. 


Ample Stocks Of Steel Always On Hand 
Expert High Speed Steel Blacksmiths 


Call or write for free cost quotation on your 
. forging requirements 


7 Mi mstiong a oo 


1209 MARQUETTE ROAD - HENDERSON 1-0320. CLEVELAND, OHIO 


LIST NO. 159 ON INFO-COUPON BELOW 





READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


(Please check) 


Send Catalog 
or Engineer- 
ing Data 


Send 


Price 


Nearest 
Source of 
Supply 

(Bulletin Board Item Number) 
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Temperature Measurement 


Industrial temperature 
measurement with thermo- 
couple pyrometers, with total 
radiation and optical py- 
rometers, with resistance ther- 
mometers and filled  sys- 
tems thermometers. W. E. 
Belcher, Jr., D. Robertson, 
W. F. Hickes—64 pages— 
6x9 — illustrated — paper 
cover—$1.00. Clip and send 
to Technical and Engineer- 
ing Book Information Serv- 
ice, 7301 Euclid Avenue, 
Cleveland 3, Ohio. 

















Metal Progress is now 
in its fifth year as 
one of our clients 


Cs atin, 


The Eastman Editorial Research Service is a 
critical and advisory service to publishers 
for the sole purpose of developing and main- 
taining better readership. 


Exclusive to one publication in a field. 


Use of the Eastman service by Metal Progress 
is an implied guarantee to its readers of 
continuing editorial progress. 


The Eastman Research Organization 
500 Sth Avenue @ New York 36, N. Y. 
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UNIVERSAL-CYCLOPS STEEL, 
EMPIRE, REEVES MERGE 


© to expand facilities 


e widen product range 


e excel in quality and service 


Universal-Cyclops, Empire and Reeves .. . three 
names long synonymous with quality steels and steel 
products . . . have combined their manufacturing 
facilities, management skills, and research activities 
for the benefit of customers, shareholders and em- 
ployees alike. 

The consolidation, establishing Universal-Cyclops 
Steel Corporation as the parent company and 
Empire-Reeves Steel Corporation as a wholly-owned 


subsidiary formed by the union of Empire Stee! 
Corporation and Reeves Steel and Manufacturing 
Company, results in an operating group prepared 
to offer new advantages to steel users everywhere. 

Accent on quality «nd service will be a continuing 
keynote. Combined resources will provide expanded 
and improved facilities at all present plant locations 
plus more stainless strip capacity at a new plant 
in Coshocton, Ohio. 

Yes, from top quality carbon, silicon steels, and 
galvanized sheets to flawless stainless, tool steel, and 
high temperature metals; from garden-variety steel 
products to material for jet engines and missiles . . . 
you can count on Universal-Cyclops and Empire- 
Reeves to serve its markets and America better than 
ever before. 


Universal-Gyclops Steet 


CORPORATION 


Plants: Bridgeville and Titusville, Pa., and soon in Coshocton, Ohio 
Subsidiary plants: Mansfield and Dover, Ohio 


| ies 


Be nee 


MAY 1958 


PITTSBURGH, PA. 





Effect of Phosphorus 
and Manganese 
on Temper Brittleness 


Digest of “Effect of Phosphor- 
us and Manganese on .Temper 
Brittleness in Chromium-Nickel 
Steel”, by N. V. Tolstoguzov 
and A. D. Kramarov, Metallo- 
vedenie i Obrabotka Metallov 
(Russia), No. 2, 1957, p. 30-39. 


AS IMPRESSIVE SERIES of articles on 

temper brittleness has been ap- 
pearing in this Russian journal. The 
present article establishes some im- 
portant relations between the oc- 
currence of temper brittleness and 


the amounts of phosphorus, manga- 
nese and molybdenum in the steel. 

To avoid effects due to steelmak- 
ing practice, the 20 steels studied 
were made as special melts in a 
220-lb. electric arc furnace. Also, 
many of the steels were made in 
pairs from the same melt; powdered 
ferrophosphorus was added to one 
of the steels, while the other was 
left with a lower phosphorus content. 
Such pairs of steels were especially 
comparable and their manganese 
contents were identical. The phos- 
phorus contents of the 20 steels 
ranged from 0.005 to 0.09% and 
the manganese from 0.07 te 0.75%. 
The other elements were relatively 





HEAT 


RESISTANT 
ALLOYS 


4h 


fet 


, 


- 
18 vue Avenue, Detroit 7, Michigan 


SHEETS 
BARS 


ACCESSORIES 


AND SHAPES 


ELLA AYE 


7 A4A4 —e * 
, ‘ 2 ~~ ~ Cc ia - 
t CowoKon KeeK“and Slloy ObtaahiKe 


* Box 389, South River, New Jersey 





constant and averaged 0.4 C, 0.3 Si, 
1.4 Cr and 3.0 Ni. Molybdenum up 
to 0.15% was present in a few steels. 

The 40-lb. ingots, given the usual 
soaking, forging and cropping, were 
0.8 X 0.8-in. bars, and 

treatment 


cut into 
after heat were ma- 
chined into notched-impact speci- 
mens. Testing, mostly at room tem- 
perature, was done on a 110 ft-lb 
machine, and a few tests were made 
at temperatures down to 76° F. 
A coefficient of embrittlement was 
calculated as the ratio of the impact 
strength of the unembrittled steel 
(for example, steel that was water 
quenched from the tempering tem- 
perature) to the impact strength of 
embrittled steel (for example, steel 
that was furnace cooled from the 
tempering temperature ). 

One series of specimens was hard 
ened by oil quenching from 1550° F., 
tempered for two hours at 1110° F 
and then half of the specimens were 


Rory anid 














0.4 to 
0.5 fo Mn 


———t 


Coefficient of Embrittlement 








0 l 
0 0.02 0.04 0.06 0.08 
Phosphorus, % 





Room-Temperature Impact Tests 
Show Effect of Manganese and 
Phosphorus on Embrittlement 


water quenched from the tempering 
temperature and the other half were 
given an opportunity to develop 
temper brittleness by being cooled 
in the furnace from this temperature. 
Results of the room-temperature im- 
pact tests on these specimens are 
shown in the figure. At low manga- 
nese contents (0.1 to 0.2%), normal 
amounts of phosphorus cause only 
a slight tendency towards temper 
brittleness. At higher manganese 
contents, on the other hand, even 
small amounts of phosphorus cause 
a rapid increase in embrittlement, 
and at 0.04% P the coefficient is 15. 

Further tests showed that the 
amount of molybdenum needed to 
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A new gas fired Homocarb 
said tobe the world’s largest. 


2 A Vacuum Heat Treating Furnace for special 
materials. 


3 Large capacity vertical furnace for heat treat- 
ing large parts. 


— THERE’S A HEAT TREATING SPECIALIST NEAR YOUR PLANT— 


YOU CAN FIND BOTH THE 
BIGGEST AND THE BEST AT 
YOUR COMMERCIAL 

HEAT TREATER 





The three furnaces shown on this page are units of the facilities 
of commercial heat treating plants in three different sections 
of the country. 

Today, with the ever growing demand for better heat treat- 
ing, economical volume equipment of this sort is becoming 
essential and the commercial heat treater has been alert to 
industry’s requirements. 

Quality work and versatility are the keynotes of this indus- 
try’s objectives when treating the thousands of vital, intricate, 
and costly components of important products. 

Whatever your heat treating problem, and whether it 


involves pounds or tons, always consult your commercial plant 
first. 





Americon Metal Treatment Co. 
Elizabeth, New Jersey 


Anderson Steel Treating Co. 
Detroit, Michigan 

Benedict-Miller, Inc. 
Lyndhurst, New Jersey 

Bennett Heat Treating Co., Inc. 
Newark 3, New Jersey 

Commercial Metal Treating, Inc. 
Bridgeport, Connecticut 

Cook Heat Treating Co. of Texas 
Houston 1, Texas 


Dayton 3, Ohio 
Dominy Heat Treating Corp. 
Dallas, Texas 





Greenman Steel Treating Company 
Worcester 5. Massachusetts 





The Dayton Forging & Heating Treating Co. 


Fred Heinzelman & Sons 
New York 12, New York 
Alfred Heller Heat Treating Co. 
New York 38, New York 
Hollywood Heat Treating Co 
Los Angeles 38, California 
Ipsenlab of Rockford, Inc. 
Rockford, tilinois 
ipseniab of Canedea itd. 
Toronto, Ontario 
\-R Heat Treating Company 
Newark, New Jersey 
The Lakeside Steel Improvement Co 
Cleveland 14, Ohie 
Metallurgical, Inc. 
Minneapolis |4, Minnesota 
Metallurgical, Inc. 
Kansas City 8. Missouri 
New England Hurgi Corp. 
Seuth Boston 27, Massachusetts 





Owego Heat Treot, Inc 
Apalachin, New York 

Paulo Products Compeny 
St. Lowis 10, Missouri 

Pittsburgh Commercial Heet Treating Co 
Pittsburgh |, Pennsylvania 

Pittsburgh Metal Processing Co., Inc. 
Pittsburgh (5. Pennsylvania 

The Queen City Steel Treating Co. 
Cincinnati 25. Ohie 

4. W. Rex Compeny 
Lansdale. Pennsylvania 

Stanley P. Rockwell Compeny 
Hartford 12, Connecticut 

Scott & Son, Inc. 
Reck istand, IMinois 

Syrecuse Heat Treating Corp 
Syracuse, New York 

Tempercture Processing Co. 
North Arlington, New Jersey 
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Temper Brittleness 


P a complete Set-up for prevent temper brittleness depended 
se 


on the amount of phosphorus in the 


heat-treating small tools steel when the manganese a. et 


constant at the low value o/ 





In steels containing 0.01% P, 0.05% 
Mo was sufficient to prevent tempe: 
brittleness, both at room tempera- 
ture and for tests at —76° F. When 
0.03% P was present, 0.15% Mo pre- 
vented temper brittleness at room 
temperature, but in tests at —76° F. 
the coefficient of embrittlement was 
found to be 1.85. It was concluded 
that a reduction could be made in 
the amount of molybdenum added to 
prevent temper brittleness if the 
phosphorus and manganese: contents 
of the steel were held at low values. 
In fact, if the phosphorus and man- 
ganese contents are held down low 
enough (for example, 0.07% Mn and 
0.007% P, even without any addi- 
tion of molybdenum, steels show no 
temper brittleness at room tempera- 
ture and only slight embrittlement 
at —76° F. 


A. G. Guy 


or sma | too Metallurgy in Industry ... 
(Starts on p. 109 
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is built, there is little quantitative 
basis for making significant design 
Contains a pre-heat furnace, a high-heat furnace changes to meet the needs of our 
and quench tanks in a unit designed for convenient modernized burdens. 

positioning in your shop. Furnace sections are equip- 
ped with casters. 

Temperature range permits treatment of all high 
speed steels including cobalt type. 

Waltz small tool furnaces are ‘“*money makers” in 
many shops throughout the country. Enjoy the lucra- 
tive advantages of heat-treating facilities right in 
your own shop. 

A complete line of Waltz standard or special heat- 
treating furnaces using all types of fuels are built to 6 fodiens ms Nitiieest te 
suit your requirements. Write for comprehensive illus- CT Ce ee 
trated bulletins. vices that would lead to the answers 
desired, at considerably less cost and 


It must be perfectly clear that this 
problem will not be adequately 
solved by construction of a miniature 
blast furnace — whatever that may 
be. We need many different model 
devices to study the blast furnace 
process, and very likely none of them 
would bear a phy sical resemblance to 
the full-scale unit. One can visualize 


with far more useful results than are 
Waltz Furnace C gained in the typical trial in an exist- 
Symmes Street, Cincinnati, Ohio ing furnace. 

CHOICE Dept. W A successful team in this field calls 
DISTRIBUTOR Please send without obligation for skills that range from those of the 
TERRITORIES ee = mathematician to the aerodynamicist, 
NOW OPEN— mane supported by the experts in thermo- 
WRITE TODAY dynamics and kinetics. 

University and Industry — This 
look ahead at metallurgy in industry 
sare has turned up areas in which both 
industry and the university re- 
searcher have a major role to play — 














| STREET 8 0 a 
CINCINNATI, OHIO eee ewee === —— 
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LINK ~’ IN THE CHAIN OF PROFIT 
EVERY LINK IS A “‘FATIGUE TEST-BAR’’ 








Their “predictably uniform” SERVICE-Fatigue-Life, determines your FACTUAL alloy COST, (Heat Hrs. per $). A 1% 
failure, a single “WEAK LINK”, means PRODUCTION INTERRUPTION, that could cost you over 100% of the alloy 
price. 


FATIGUE-LIFE is determined by Metallurgical INTEGRITY, by as-cast Structures-Properties. For predictable grain- 
size and orientation, (i.e. Structures-Properties), between castings, and within individual castings, SPECIFIC highly 
ADVANCED Technology, processes and CONTROLS are MANDATORY. These proprietary developments differ widely 
from conventional “foundry practice’. 


UNIQUE AND UNPRECEDENTED A.E.C. Co. Casting Process and Product Research & Development Projects, for 
three branches of the U.S. Armed Services, and privately, during and since W.W. 2, are not remotely approached 
in scope, depth, and extent of effort, by companies, or trade associations, in the Alloy, or steel casting industry. 


Eliminate ‘‘Weak Links” in your production line. Let A.E.C. Co. Engineers help bring your High Temperature Tool 
ing up to the level of your Machine Tooling. We solicit your inquiries. 





ALLOY ENGINEERING & CASTING CO. 


1700 W. Washington Phone: 6-2568 
CHAMPAIGN ® ILLINOIS 
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Metallurgy in Industry ... 


the expansion of our reservoir of 
kinetic data and the development of 
those basic concepts leading to re- 
liable process studies on a manage- 
able scale. For these and other basic 
metallurgical facts, we look forward 
to the continuing productivity of 
Carnegie Tech's Metals Research 
Laboratory. 

There have been times in the past 


25 years, I feel sure, when the lab- 
oratory has felt that the basic data 
derived from its efforts went crying in 
the wilderness for a receptive and 
dynamic understanding by industry. 
We all know of the many changes 


that have occurred during these same 


Not the least is that 
metallurgists as a class have entered 
practically all functional areas of in- 
dustry organization with favorable 
effect on the atmosphere and climate 
for utilizing basic scientific data. 


25 years. 





OF SPECIALIZED EXPERIENCE IN THE MAKING OF STAIR- 
LESS STEEL CASTINGS AND RELATED ALLOYS 


"Men of Michigan-Standard” 
CREATING AND MAINTAINING THE STANDARD OF THE INDUSTRY 


CARL C. 
NYGREN 
Sales Manager 


FRED ALLON 
Works Manager 


GERRY GROTT ARTHUR F. B. 
Metallurpyst THOMPSON 


Chief Engineer 


OUR BEGINNING WAS MODEST— 

OUR GROWTH WAS GRADUAL UNTIL TODAY... 

A Significant Percentage of Heat and 

Corrosion Resistant Castings are Fur- 
nished by Michigan-Standard 
Alloy Casting Co. 


May We Serve You? 


We invite your inquiries concerning any of ovr 
activities. Your casting interests are our interests. 


FRANK KIPER) ART LaoMASTERS 
Vice President of Sales 
Michigan Industries Co. 


Write, Wire or Phone . . 
your disposal to render MAXIMUM SERVICE. 


- ovr complete staff is at 


Michigan-Standard Alloy Casting Co. 


MISCO 


One of the World's Pioneer Producers of Heat and Corro-ion Resisting Alloys 
DIVISION OF MICHIGAN INDUSTRIES CO. 


1999 GUOIN STREET - DETROIT 7, MICH. - Telephone LOrain 7-1545 
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Thus, while we recognize that 
process metallurgy has not advanced 
as rapidly as the need, the penalties 
of this deficit are now more widely 
recognized. As a result, I believe 
this clearer view of our requirements 
will lead to a much closer profes- 
sional relationship between research 
men in university and in industrial 
laboratories, whereby the necessary 
basic scientific information can be 
derived and put to good use. @ 


Atomized Aluminum .. . 
(Starts on p. 70) 


tively insolutie in solid aluminum, 
the small and well-dispersed constit- 
uent particles can be carried through 
subsequent stages of fabrication and 
into the finished product without go- 
ing into solution or increasing in size 
at elevated temperatures. 

2. Extrusions of some atomized 
alloy powders containing fairly large 
amounts of such elements as iron and 
chromium, had tensile, stress-rup- 
ture, creep, and fatigue properties 
(along with structural stability at 
elevated temperatures) that géner- 
ally compared favorably with those 
of other high-temperature aluminum 
alloys recently developed. A com- 
plex alloy of 7.8% Fe and 0.2% each 
of Cr, Ti, V, and Zr (named M 486) 
had outstanding properties in the 
range from about 400 to 800° F. 

3. Results, including some not 
published in this paper, indicate that 
for a given tensile strength level at 
600° F. the atomized powder alloys 
tend to have better fatigue proper- 
ties but slightly poorer creep charac- 
teristics than the aluminum-alumi- 
num oxide type of powder alloy, 
M 276. (Continued on p. 178 








BEHAVIOR OF METALS UNDER 
IMPULSIVE LOADS 


Concept of impulsive loading, 
explosives and explosions, charac- 
teristics of impulsive loads, high- 
speed photographic techniques, 
fracturing under impulsive load- 
ing, practical application of ex- 
plosives .. . all included. J. S. 
Rinehard & J. Person—247 pages 
— 6x9 — illustrated — red cloth — 
$5.50. Clip and send to ASM 
Technical and Engineering Book 
Information Service, 7301 Euclid 
Ave., Cleveland 3, Ohio. 
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SATISFIED CUSTOMERS 


To withstand the severe service of 
aircraft and missile components, a 
combination of critical requirements is 


vital in brazing honeycomb materials. 


This huge elevator furnace was built 
by Pacific Scientific to Solar Aircraft 
Company's specifications to meet these 
stringent requirements. A second simi- 
lar unit is now being built for the San 


Diego firm! 


Standing 35 feet high, this furnace is 
designed to come up to high tem- 
peratures fast and to 


operate 


with extreme 


uniformity of temperature. 


Typical of many specially designed 
Pacific furnaces, this efficient elevator 
furnace has a heating chamber with an 
inside diameter of eight feet, and a 
depth of ten feet. Typical also is the 
smooth operation of the furnace door, 
which lowers and swings out of the way 
to provide fast cooling to set the braze, 
and also to allow swift, easy handling 


and loading. 





See us at the 


SOUTHWEST METALS EXPOSITION 
May 12 to 16, Dallas, Texas 
Booth No. 408 
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Avator furnace 


Whether your particular heat treating needs are for a giant, special 
furnace such as this, or for a small, standard-type box furnace... 
Pacific Scientific’s advanced designs and construction. techniques, 
backed by long experience, will pay off for you in most efficient, 
economical performance. 

Pacific's heat treating engineers are always available to assist you in 
selecting the proper type and design equipment for your own par- 
ticular job. For more specific information . . . call or write today. 


INDUSTRIAL 


pee //f/ ll HEAT TREATING EQUIPMENT 


PACIFIC SCIENTIFIC CO. P.O. Box 22019, Los Angeles, California 


Please send me 
bulletins and Nome 
specifications 
on a Pacific Company 
Furnoce for: 

Address 


(type of work) City Stote 
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Atomized Aluminum 


9 4. Ductility of atomized powder 

* i 

ding “dizingd 4 celine | 
ero! 


alloys increases with temperature - 
thus being similar to conventional 
alloys —in contrast to that of the 
SAP and APM products made from 


unalloyed flake powders of high ox- 


ig! 


vs ide content, which decrease in duc- 
Oh ITINENTAL tility at high temperatures. This 


gives the atomized powder alloys an 


advantage in meeting service speci- 
S ATOP HAT ; fications and in hot working opera 
—) - & “we . 





tions. 

5. The relatively large amounts of 
iron, chromium, and other added 
alloying elements produce a high 
modulus of elasticity without pro- 


COVER-TYPE ANNEALER hibitive increase in density. 


6. Increased strength may be ob- 





tained in extrusions of atomized 
Faster and More Uniform alloy powders through decreasing 
Heating Rate the dendrite size (starting with a 
Extra large volume of recirculat- finer powder), as well as by increas- 
ing atmosphere. ing the amount of alloy. 

7. The fabrication of products 
Highest Production per Unit from atomized alloy powders could 
probably be extended to other sys- 
tems besides aluminum alloys with 


Versatility beneficial results. — } 


Can be used for bright annealing, 
normalizing, nitriding, or sphe- 
roidizing coiled wire or strip— 
ferrous or nonferrous. 


Nitrogen and Vacuum 
High Efficiency Degassing of Al-Si-Mg 


No radiant tubes. 


Digest of “Effect of Nitrogen 

: and Vacuum Degassing on Prop- 
Long Hood Life erties of a Cast Aluminum- 
No flame impingement. og pa md age 
Antes, and R. E. Edelman, 
American Foundrymen’s Soci- 


Full particulars and ety Preprint No. 57-30, 1957, 7 p. 


recommendation 
for any job on request. 
YROSITY IN aluminum castings can 


cause pressure unsoundness and 
structural weakness; shrinkage and 
dissolved hydrogen are the principal 
contributing factors. Shrinkage por- 
osity is minimized by proper direc- 
tional solidification and feeding. 
Once excessive hydrogen has been 
absorbed it must be removed before 
pouring to prevent unsoundness. 
This is accomplished by degassing, 
using vibration, bubbling or fluxing 
with a gas or vapor formed from a 
solid or a liquid, evacuation of the 
melt, holding under a dry atmos- 
phere, and stirring to accelerate the 
degassing process. 

CONTINENTAL INDUSTRIAL ENGINEERS, INC. All methods use one or both of 
the two basic mechanisms: precipi- 

tation of a bubble of molecular 
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EVERY THING FOR 


ANODIZING 


H-VW-M is your one source for supplies, equipment — and the 
best service anywhere! 

Whether you're setting up a new aluminum finishing shop, or 
enlarging or modifying existing facilities, you can fill all your 
needs at H-VW-M. That’s because H-VW-M is the one company 
combining a complete engineering service with a full line of 
equipment and supplies for modern aluminum finishing. 

Here’s an idea of what you can get, anytime, from H-VW-M: 
@ ELECTRICAL EQUIPMENT — a full line of both Germanium and 

Selenium rectifiers, in all voltage ratings, remote and self con- 

tained models, with a wide choice of controls—or a wide 

range of low voltage generators. 

STILL TANK OR FULL AUTOMATIC EQUIPMENT — whatever you 

need, from a single component to a complete, integrated “DIAL-A-CYCLE” MEANS AUTOMATED ANODIZING — 

system set the dial, and the H-VW-M automatic conveyor does 
: : the rest! One operator can anodize or electroplate a 

ALUMINUM FINISHING SUPPLIES “4 new compounds, improved number of different parts, each requiring its own special 

cleaners, and H-VW-M “Job-Tailored” Buffs, to give you top finish, treatment, or color. Carrier follows dial setting, 
economy in every finishing step. lowers parts into right tank for right period, bypasses 
ENGINEERING SERVICE AND INSTALLATION—one responsibility, ra meta Save on production time, labor, 
all the way. H-VW-M engineers and technicians are special- amp —— 


ists in anodizing equipment, with years of experience behind 
them. 

all information, write to Hanson-Van Winkle-Munning Company, Matowan, New Jersey. Offices in principal cities. 
PLATEMANSHIP —Your H-VW-M combination— 


—S 
TA dg, \ of the most modern testing and develop- 
{ . rr cs ment laboratory—of over 80 years experi- 
K ence in every phase of plating and 
ay 


polishing — of a complete equipment, 
process and supply line for every need. @ «76: 


INDUSTRY'S WORKSHOP FOR THE FINEST IN PLATING AND POLISHING PROCESSES + EQUIPMENT + SUPPLIES 
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Degassing . . . 


hydrogen which rises to the surface, 
and a diffusion-desorption process, 
as in purging a melt with nitrogen. 
When vacuum degassing molten 
aluminum, both mechanisms of gas 
escape occur. Because of high ini- 
tial cost and long holding times, 
these techniques have largely been 
confined to the laboratory. How- 
ever, recently developed apparatus 


of the Naval Research Laboratory, 
using simple mechanical vacuum 
pumping equipment, will degas 
aluminum or other nonferrous alloys 
in 10 to 15 min. 

Gassy melts of aluminum alloy 
356 were degassed in a vacuum by 
the authors for times varying be- 
tween 2 and 10 min., using dry 
nitrogen. With increasing degas- 
sing time the reduced pressure 
density was improved. Specimens 
were sectioned and polished. Mac- 





5,106,250 LABORATORY DETERMINATIONS 


AND STILL GOING STRONG! 


A LARGE METALS PRODUCER REPORTS 
ON THE BAIRD-ATOMIC 
DIRECT READING SPECTROMETER: 


“During the past 10 years we have used the Baird-Atomic Direct 
Reader for spectrochemical analysis making 5,106,250 determina- 
tions in 377,350 tests controlling 70,920 heats. 

“Our laboratory costs, per determination, were reduced from 
91¢ by chemical analysis, to 4¢ with the B-A Direct Reader. 
Analytical time per test was reduced from 26 minutes to 5 min- 
utes, saving 21 minutes of furnace time (rated at $1.50 per min- 


ute), on every test. 


“Additional savings include: reduced loss of alloying elements 
— longer furnace lining life — increased efficiency in production 


planning — elimination of ‘off heats’. 


“Of course, the most important result is our ability to produce 
a HIGHER QUALITY PRODUCT for our customer.” 


This report on the B-A Direct Reading Spectrometer exem- 
plifies the long term reliability and substantial savings made 
possible by this unique, rapid method of spectrochemical analysis. 


For information on how you can reduce costs with the B-A Direct 


Reader, write to: 


Baird -Atomic, Inc. 








33 UNIVERSITY RO., CAMBRIDGE 38, MASS. 
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rographs showed that metal degassed 
for 10 min. by both the nitrogen and 
vacuum treatments produced sound 
metal. 

The general effect of porosity in 
any casting is a decrease in mechan- 
ical properties; in aluminum alloys 
the greatest decrease is caused by 
the first 1% voids. Tensile and yield 
strength values increase uniformly 
as a function of decreasing gas con- 
tent. A degassing time of 10 to 15 
min. is necessary to provide gas-free 
metal when either vacuum or nitro- 
gen degassing is used. For equal 
degrees of soundness no differences 
in tensile properties were noticed 
as a result of substituting vacuum 
degassing for nitrogen degassing. 
Differences noted in the mechanical 
properties of virgin and remelted 
heats could possibly be due to the 
loss of the grain-refining character- 
istics imparted by titanium. 

The only advantage of vacuum 
over nitrogen degassing appears to 
be a smaller number of inclusions 
in vacuum heats. Vacuum degas- 
sing equipment is expensive, and 
heat losses during degassing are dis- 
advantageous. 

The authors conclude, therefore, 
that vacuum degassing should not 
take precedence over other good 
degassing techniques now commer- 
cially employed. They recognize 
that hydrogen has an extremely 
detrimental effect on the tensile 
properties of cast 356 remelt alloy. 

Hans HEINE 


Kinetics of Austenite 
Decomposition 


Digest of “Isothermal Trans- 
formation of Austenite in High 
Speed Steel”, by A. P. Gulyaev 
and K. A. Malinina, Metallove- 
denie i Obrabotka Metallov 
(Russian), No. 12, 1956. p. 2-8. 


OR WORKING OUT and improving 

heat treatments of toolsteels and 
high speed steels, it is essential to 
have information on the mode and 
kinetics of the decomposition of 
austenite. The present study was 
made to advance knowledge in this 
direction, and steel RO (0.9 C, 
9.0 W, 4.3 Cr, 2.3 V) was chosen 
because of its wide application. 
However, the results obtained are 
applicable to other types of high 
speed steel. (Continued on p. 184) 
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Ferrosilicon 
High-Carbon Ferrochrome 
Low-Carbon Ferrochrome 

Low-Carbon Ferrochrome Silicon 
Silicomanganese 


Other Specialty Alloys 


Because quality is paramount in the manufacture of 
Globe Ferroalloys, raw materials are dried, screened, 
and stored safely out of the weather in this silo at 


the Globe plant in Beverly, Ohio. This is but one 


of the many measures taken to assure you of a 


perfect product. 


ra 
es 


PICKANDS MATHER & COM/?ANY 


CLEVELAND 14, OHIO 
Chicago + Cincinnati + Detroit + Duluth + Erie + Greensboro + Indianapolis + New York + St. Louis + Washington 


IRON ORE «+ PIGIRON + COAL + COKE + FERROALLOYS 
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levitation 





ROBERT E. DROEGKAMP, senior engineer 


Typical levitation of alloy specimen 
in a ceramic-coated, specially shaped, 
radio-frequency induction coil. 
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melting of 


MAY 


uranium-base fuel alloys 


Electromagnetic levitation with simultane- 
ous melting, pioneered by Westinghouse in 
1949, is being investigated at Bettis as a 
tool for melting research quantities of pure 
uranium-base fuel alloys. Reactive metals 
such as U, Ti, V, Zr, Nb, Ta, and Mo can- 
not now be melted in any of the known re- 
fractory materials and still retain sufficient 
purity for precise metallurgical investiga- 
tions. To avoid crucible contamination, 
Robert E. Droegkamp, senior engineer, 
has been developing a levitation melting 
technique for application to nuclear fuel 
development. 

Levitation melting offers several advan- 
tages: each melting charge can be prepared 
easily by compacting powders or chips of 
the material; the specimen does not touch 
a crucible during heating or melting; the 
alloy is thoroughly mixed electromagneti- 
cally before chill casting; volatile impurities 
can be removed; and the molten alloy can 
be protected by a suitable atmosphere or 
vacuum. 

The force necessary to levitate a given 
material is a function of the size, shape, and 
resistivity of the material, the size and shape 


of the induction coil, and the frequency and 
amplitude of the alternating current used. 
The high density and resistivity of uranium 
alloys pose problems. Instantaneous super- 
heating causes evaporation and ionization 
that result in a short circuit to the coil. This 
allows the metal to cast itself. 

To date, specimens of a uranium-base alloy 
weighing about 8 grams each have been 
levitated in the molten condition for periods 
up to 5 seconds at pressures up to 1 x 10°mm 
Hg. When this technique is perfected, it will 
be possible to prepare uranium alloys of 
higher purity than previously available for 
transformation, corrosion, phase diagram, 
and possibly irradiation studies. 

This levitation melting process described 
briefly is only one of the many challenging 
projects which metallurgists encounter at 
Bettis. We welcome confidential inquiries 
from metallurgists interested in the ex- 
cellent careers offered by the expanding 
nuclear power industry. U. S. Citizenship 
required. 

Send your resume to M. J. Downey, Dept. 
#A-49, Bettis Atomic Power Division, 
Westinghouse, Box 1468, Pittsburgh 30, Pa. 


BETTIS ATOMIC POWER DIVISION 





Westinghouse 


BETTER YOUR FUTURE AT BETTIS 


1958 














in Automated Harden 
Quench and Draw 


A large automotive plant 
required furnaces to heat treat 
4,000 Ibs. per hour of forgings 
or castings automatically. The 
equipment had to be durable 
to produce a constant uninter- 
rupted flow of parts and also 
effect a substantial saving over 
previous methods. 





Industrial’s direct fired continuous belt type hardening furnace and 
famous “CIRC-AIR” draw are doing the job. Loading 35 lbs. per square 
foot of conveyor, hardening is at 1700 deg. F., quench in 1700 gallons 
of oil and temper at 1200 deg. F. 


The rugged, dependable Industrial furnaces are completely automatic; 
produce 4,000 Ibs. per hour every hour every day. 


Besides saving man hours, there is a 20% fuel saving by use of the con- 
tinuous belt conveyor operating wholly within the hardening furnace. 


Industrial’s “CIRC-AIR” draw furnace is the most efficient heating machine 
made for temperatures up to 1300 deg. F. High velocity fans force re- 
circulated hot gases through the work with no temperature head. Thin 
and thick sections come to heat evenly; and the entire load is heated 


uniformly. 
Send for “‘CIRC-AIR” Bulletin No. 13-A 
HEATING EQUIPMENT CoO. 
CIRC-AIR 3570 FREMONT PLACE, DETROIT 7, MICHIGAN ¢* WALNUT 3.7000 


PIONEERS AND STILL LEADERS IN RECIRCULATION 
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Austenite .. . 


To obtain isothermal transforma- 
tion diagrams for various conditions 
of the austenite, the following types 
of heat treatments were used: 

1. Austenitizing at 1650° F. fol- 
lowed by isothermal transformation 
for 5 hr. at various temperatures in 
the range from 1380° F. down to 
212° F. 

2. The same as (1) except that 
the austenitizing temperature was 
2230° F. 

3. Austenitizing at 2230° F., fol- 
lowed by cooling to 70° F., fol 
lowed by isothermal treatments for 
5 hr. at various temperatures in the 
range from 1380° F. down to 
212° F. 

4. The same as (3) except that 
cooling was continued down to 
—110° F. 

5. Austenitizing at 2230° F., fol 
lowed by cooling to 70° F., followed 
by heating at 1040° F. for 30 min., 
followed by isothermal treatments 
for 5 hr. at various temperatures in 
the range 930° F. down to 212° F 

6. The same as (5) except that 
the time at 1040° F. was 60 min. 

7. The same as (5) except that 
the time at 1040° F. was 5 hr. 

The austenitizing treatment at 
1650° F. produced a structure con- 
taining 87% austenite and the bal- 
ance carbides. The chemical com- 
position of this austenite was 2.0 W, 
2.9 Cr, and 0.3 V. Austenitizing at 
2230° F. gave 96% austenite with a 
composition of 7.4 W, 4.2 Cr, and 
1.4 V. When the austenite produced 
at 2230° F. was cooled to 70° F.., 
60% of it transformed to martensite. 
When cooling was continued down 
to —110° F., a total of 76% marten- 
site was produced. 

At the beginning of the various 





Too. STEELS 


Discussions covering open- 
hearth practices, annealing, in 
spection, testing and hardening 
are included in this widely used 
book. Tool steel specifications are 
| arranged for easy finding and 

comparisons. J. P. Gill—577 pages 

—6x9—red cloth—$7.50. Clip and 

send to Technical and Engineer- 

ing Book Information Service, 

7301 Euclid Avenue, Cleveland 
| 3, Ohio. 
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GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


. BA aL Timons. —; 
Emil Gathmann, /r. 
13 orth Ch 


> x 239) 
Buffaic 23, N.Y 
BIRMINGHAM, Alabama 
Harry G. Mowat Co 
544 American Life Bide 


CHICAGO, Ulinois 
General Al 


pany 
Edward T. nolly 
a E R | C E pte a 
on : 


CLEVELAND 15, 
E. E. Whiteside 
2254 Euolid A 


DENVER, Colorado 


Heat and Corrosion 
Resistant Castings 
and Fabrications 


a eT f yO gan 


General Alloys Company products 


are backed by a national engineer- 


ROCK ose, titinois 


ing service offering unexcelled me- ne eas 


chanical and metallurgical Heat and 


“pe ANNAPOLIS 8, Cations 
e G 0 


esa e 
2302 N. aonen Street 
P.O. Bex 7011 


Corrosion Resistant Alloys for all ad 


16, 
#T seeolated Steet ‘Mills, Inc 
. Bex 4235 


Defense and Industrial applications. 





"There is no substitute 
for Experience’’ 


GENERAL ALLOYS CO. 


405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 
HEAT & CORROSION RESISTANT CASTINGS” 
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Austenite 


isothermal transformations _ listed 
above, there were the following per- 
centages of carbide phases present 
in the microstructures: Treatment 


No. 3 contained 4.0%; No. 5, 4.4% 


No. 6, 4.8%; and No. 7 treatment 


contained 5.8%. 


Time-temperature-transformation 
diagrams were determined, using 
magnetic measurements to follow 
the transformation of the non- 
magnetic austenite to its decomposi- 
tion products, such as pearlite, all of 


which are magnetic. 


Results show 
that there are great differences 
among the transformation charac- 


teristics of primary austenite, re- 


tained austenite, and tempered 


retained austenite. On the basis of 


the experimental results, the follow- 


ing recommendations were made for 


improving various heat treatments 


of this steel: 


1. For annealing after hot work- 
ing: isothermal transformation at 


1380° F. for 1 hr. followed by air 
cooling. 
9 


followed by air cooling. 


3. For step quenching: isothermal 
treatment in a bath at 480° to 1110° 


F. for 5 to 10 min. A. G. Guy 


2. For annealing after welding: 
isothermal transformation of hot 
welded parts at 1380° F. for 6 hr., 
followed by cooling to 930° F., 





GENERAL PURPOSE 
ELECTRIC FURNACES 


bench type) 


@ Easily installed anywhere with simple 
wire connections. 

@ Embedded type elements for maximum 
efficiency and ready replacement. 

@ Easily operated with automatic temper- 
ature control. 


@ Two types—to operate at 1850° F and 
2,000° F, 





HEAT TREAT SMALL PARTS, TOOLS, Dies, ETc....IN YOUR OWN PLANT 


These small electric furnaces are de- 
signed for general heat treating, harden- 
ing and tempering of small parts. Their 
uses include heat treatment of aluminum, 
copper and beryllium. Cooley embedded 
elements have been employed in high 
temperature furnaces for over twenty 
years with outstanding success. Cooley 
furnaces are easy to operate—at high or 
low temperatures—without experienced 
heat treaters. (There are no fumes or 
odors—no ventilating necessary.) 


Quick, correct and easy installation is 
provided by the Cooley Control Panel 
(optional equipment) which makes the 
complete assembly a package unit. A 
proportioning type of control pyrometer 
is recommended for maximum accuracy 
and to accomplish low temperature tem- 
pering and uniformly controlled tem- 
peratures. All units are completely as- 
sembled and tested at factory. 

Write for new catalog of electric fur- 
naces and ovens. 





SIZE—INSIDE 
MODEL " w 
MH-3 8 6 4 | 21 
MH-4 10 6 8 23 
VH-3 | 8 4 14 21 
VH-4 10 6 is 23 
VH-48 10 8 
VK-6 ; are ¥ is ~ 25 
VK-7 | 10 6 18 27 


SIZE—OVERALL 
4 L 


WATTS @ 230V—-1P| MAX. TEMP. oF 


—+—_—— 
25 25 3400 " 

25 29 4500 1850 
25 25 3400 

25 29 4500 1850 
27 29 | 4800 1850 
26 25 4650 2000 
34 6500 2000 





“M" Models —~. Door. “V" Modeis—Vertically Sliding Door 





(Brown Pulse Pyrovame and Wheelco Mode! 293) and Non-Proportioning Pyrometers 
vailable. 


eee pacetaseo and Winston thadan SUG cantodtn aioe Any stendard make or type a 


COOLEY ELECTRIC MANUFACTURING CORPORATION 
30 SOUTH SHELBY STREET + INDIANAPOLIS 7, INDIANA 
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Smudge on 


Cold Rolled Sheet 


Digest of “Reducing Smudge 
on Cold Rolled Sheet’, by Mich- 
ael A. Matz, Iron and Steel Engi- 
neer, Vol. 34, April 1957, p. 
105-106. 


ECHANISM Of phase transforma- 

tion of iron at the A, or upper! 
critical point (about 1600° F.) dur- 
ing hot forming is believed to be 
intimately associated with the quan- 
tity of carbonaceous smudge appear- 
ing on cold rolled sheets. At the 
upper critical, atoms change from 
face-centered cubic to body-centered 
cubic lattice. 
elements, present in virtually all 


Dissolved residual 


commercial steels, have an inhibit- 
ing action on the transformation, 
giving rise to faults or fractures 
within the grain boundaries. Dis- 
solved gases exert similar distortive 
effects. 

Such discontinuities represent a 
weakened microstructure that is 
more susceptible to the attack of 
sulphuric acid in pickling, resulting 
in deeper pickling etches, more 
hydrogen embrittlement, and the 
carrying over of pickle-line contami- 
nants on this overpickled surface. 
Because of the construction of mod- 
ern pickling lines and rinsing cycles, 
these carryover compounds are never 
washed off entirely but are left on 
the surface of the coil as chemically 
active ferrous and ferric compounds. 
Upon coming into contact with the 
long-chain molecular formulas of 
rolling and precoating oil, many 
complex compounds are formed, 
principally carboxylates. 

The deeply embedded pickle-line 
residues are forced to the surface 
during tandem rolling reduction and 
the heterogeneous mass, under the 
influence of friction, heat and pres- 
sure, tends to decompose the coating 

(Continued on p. 188) 
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Production cutting of bar stock 
on a HILL ACME Bar-Bil/et Shear 
with auxiliary automatic feed 


The nearest thing to automation 
achieved so far in the production cutting 
of bar stock is the HILL ACME BAR- 
BILLET shear with auxiliary automatic 
feed. With one man as standby observer, 
bars are fed automatically from the rack 
to the roll feed mechanism. Automatic 
stops on the billet shear predetermine 
the length of cut. 


On ideal installations bars travel from 
steel storage on conveyors through the 
billet shear to tote boxes without being 


touched by hand. 
HILL ACME BAR-BILLET shears have 


proven to be the most efficient, econom- 
ical and trouble-free units on the market 
today. With the exclusive outboard 
support on the drop-off side, square, 
accurate cuts are assured. These high 
production shears are built in a variety 
of sizes to meet every cutting need up to 
9” in rounds. A new bulletin covering 
all details of construction and operation 
is now available. 


The 


HILL ACME 


Company 


MANUFACTURERS OF: 

“CANTON” ROTARY SCRAP SHEARS ® ALLIGATOR SHEARS @ BILLET 
SHEARS ©@ “HILL” GRINDING AND POLISHING MACHINES © 
HYDRAULIC SURFACE GRINDERS ® “ACME” FORGING ® THREADING 
@ TAPPING MACHINES @ “CLEVELAND” KNIVES & SHEAR BLADES 


1201 West 65th St., Cleveland 2, Ohio 
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For flawless high strength weld metal 
in missile components 









Job Report Courtesy of 
Research Welding & Engineering Co., Inc., Compton, California 


WELD WITH =1RCOS 


CHROMENAR Spooled Wire 


Light weight was important in this welded missile component that 
was required to hold air under 3,000 p.s.i. pressure. After making 
the root pass weld with the Arcos EB* consumable insert, the weld 
was completed by submerged arc welding with Arcos CHROMENAR 
CMV welding quality wire. CHROMENAR CMV was selected be- 
cause its weld metal could be heat treated to match the base metal 
with tensile strength in excess of 200,000 p.s.i. and pass x-ray 
inspection. For help on your welding problems consult... ARCOS 
CORPORATION, 1500 S. 50th Street, Philadelphia 43, Pa. 


*Trademark of General Dynamics Corporation 
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Smudge . . . 


oil partially, resulting in deposition 
of amorphous carbon on the surface 
Rolling oil is never totally emulsified, 
giving a sluggish mass which cannot 
be evaporated entirely during an- 
nealing. The end result is appear- 
ance of a black carbonaceous iron- 
bearing smudge on the sheet, either 
along the edges or over the entire 
surface, usually deeper when along 
the edges. 

Skin passing or surface compact 
ing prior to pickling is a valuable 
aid for producing a cleaner, less 
deeply etched surface. 

Several recommendations are ad- 
vanced to correct or minimize the 
smudge problem: 

1. Temperature at which the steel 
is finished must be such as to allow 
minimum interference to the forma- 
tion of the b.c.c. lattice at tempera- 
ture below 1600° F. 

2. Finishing and coiling temper- 
atures must be correlated to produce 
an oxide film layer extremely rich in 
FeO, with minimum Fe,O, and 
Fe,Ox,. 

3. Present-day annealing prac- 
tices using DX gas as the inert 
atmosphere are not conducive to the 
formation of uniformly bright coils, 
since a considerable amount of re- 
duction and evaporation of surface 
contaminants cannot take place. 

4. The most critical interval dur- 
ing annealing is in the range of 750 
to 932° F. Within this interval, 
the oil must all be evaporated. 

Artuur H. ALLEN 


Forming Titanium 
Extrusions 


Digest of “Forming of Titan- 
ium Extrusions”, by I. J. Wilson, 
presented at Titanium Confer- 
ence, @ Western Metal Congress 
March 1957. 9 p. 


I* FORMING A-110 AT (91.5 Ti, 

5 Al, 2.5 Sn) and 6 Al, 4V (89 Ti, 
6 Al, 4V) extrusions, the author 
states that forming problems are 
essentially the same as those en- 
countered in forming bars. 

A major variable affecting the 
formability of titanium extrusions is 
the as-extruded surface, which has 
been very inconsistent. Longitudinal 
die marks seriously restrict bending 
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parallel to the grooves, frequently 
causing cracking. The oxide scale, 
which penetrates the surface to 
varying depths, is another source of 
cracking. These two conditions 
necessitate conditioning of extru- 
sions before forming evaluation tests 
can be made. At present it is the 
practice at North American to 
machine all extrusion surfaces to a 
depth of 1/16 in. The author does 
not advocate machining as the final 
solution to the surface preparation 
problem since it is costly, time con- 
suming and creates other problems, 
such as warpage. It is the best meth- 
od, however, until acceptable as- 
extruded surfaces can be produced. 

Having prepared an extrusion by 
surface machining, it is ready for 
forming tests. Stretch wrapping 
yields information on allowable 
stretch and shrink, and a practical 
picture of the sensitivity of the 
material to the optimum working 
range. It is, in a sense, analogous to 
uniform elongation and is a function 
of the elasticity and compressive 
strength of the material. A _ big 
problem in connection with this type 
of forming is the relatively narrow 
formability range of titanium, that 
is, the narrow spread between yield 
strength and ultimate. Further- 
more, the range becomes narrower 
with increasing temperatures up to 
approximately 1250° F., and then 
the trend reverses itself and some 
improvement in formability is rea- 
lized. Heating to temperatures of 
600 to 700° F. may help if a reduced 
yield strength is required for ma- 
chining purposes, provided the 
smaller formability range can be 
tolerated. 

At present, for extrusions with 
machined surfaces, the allowable 
room-temperature bend has been 
set to limit stretch to 18% and shrink 
to 8%. Other combinations of 
stretch and shrink can be obtained 
under certain circumstances, but 
when the shrink exceeds a maximum 
figure, particularly in unmachined 
extrusions, brittle fracture and 
shattering may occur. Increased 
stretch, on the other hand, may 
cause the part to break in two pieces. 

Beyond a certain value, increased 
rate of forming raises the yield and 
narrows the range. The potentials 
of high-speed forming in titanium 
are as vet unexplored. 

In joggling, the runout is a func- 

(Continued on p. 192) 
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This WELDED nuclear pressure vessel 
holds a practical idea for you 


Job Report Courtesy of 
Combustion Engineering, Inc., builder of vesse! shown 


uss ARCOSITE FLUX S 


for submerged arc welding 


In nuclear installations where radio activity makes weld failure 
dangerous to personnel and can cause indefinite shutdown, sound 
corrosion resistant welds are of utmost importance. To inhibit 
corrosion, portions of the 9 ft. dia. interior of this 33 ft. reactor were 
overlaid with 4 in. of 308L weld metal. Submerged arc welding 
with ARCOSITE S4 flux was used for the job. The girth and longi- 
tudinal joints of the low alloy steel plates were also submerged arc 
welded using ARCOSITE_BS flux. Cost-wise, no other conventional 
method of cladding was practical. Arcos weld metal quality guar- 
antees corrosion resistance . .. freedom from maintenance 


ARCOS CORPORATION, 1500 S. 50th Street, Philadelphia 43, Pa. 





The Precision Class 15 Line 
of ElectroniK instruments 
has calibrated accuracy 
within +.25% of scale span. 
Models include strip and 
circular chart recorders, Pre- 

e cision Indicators, circular 
scale indicating controllers, 

for accuracy, a oi a 
dicator. Electric and pneu- 

matic control from simplest 

to most complex types. 


versatility, price seaT0ate 





rate inputs 


..-Let your application decide 


The Special Class 14 Line 
of ElectroniK instruments 
is calibrated to an accuracy 

< of +.5% of scale span... 
HDD TE epee E priced lower than the Pre- 
23 4 bas Ti 8 cision line. Includes strip 
chart and circular chart re- 
corders and recording con- 
trollers, also circular scale in- 
dicating controllers. Electric 
control of the contact, time- 
proportioning or position- 
proportioning type is avail- 
able. 


Millivoltmeter Instruments 
give dependable and accu- 
rate service, at low cost. 
High-resistance galvanom- 
eter circuit minimizes effects 
of varying length of extension 
wires. Plug-in unit design 
speeds servicing. Pyr-O-Vane 
controllers, in either horizon- 
tal or vertical case, give 
snap-action electronic vane 
control or pulse-type time- 
proportioning control. 
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PATA PTT rer ere 
initial 


(* a temperature measurement or control 
job to handle? There’s no need to “shop 
around.” For from one source—Honeywell— 
you can be sure of getting exactly the right in- 
strument to fit your needs. 


This is the time-saving—and money-saving— 
way to choose instruments. You can choose 
from the most complete, most diversified line 
of pyrometric instruments on the market. Your 
selection can hit the application right on the 
button—giving you the performance you need 
at the price that fits your budget. 


For the peak in precision and versatility, there’s 
the ‘‘Precision’’ ElectroniK line. This is the 
pioneer “‘continuous balance”’ electronic instru- 
ment that thousands of plants and laboratories 
have used for many years. It’s available in 
eleven basic models, and can provide automatic 
control action from the simplest to the most 
advanced types. 


For less exacting applications, a new series of 


MINNEAPOLIS 


Honeywe 


BROWN 
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which Honeywell instrument 


fits your 


needs 


instruments—the “Special’’ ElectroniK line- 
is now available. They provide many of the 
forms of automatic control you can get with the 
“‘Precision”’ line. And they cost less . . . bringing 
ElectroniK performance within the reach of 
even wider areas of application. 


For simplified indicating control, Honeywell 
offers a line of economical millivoltmeter in- 
struments . . . Pyr-O-Vane controllers, with a 
variety of electric control forms and 
Protect-O-Vane controllers for excess tempera- 
ture safety cut-off. 


Your local Honeywell engineer will be glad to 
help you determine which type of instrument 
best fits the needs of your own application. 
Call him today . . 


. he’s as near as your phone 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


ell 


tINSTRUMENTS 


Font inn Coutiol 











OR YOUR MONEY BACK! 


Write for free literature and service 
data sheets or send prints and condition operation 


elantenert bn 
‘ GROMER BAN STOCK Sewee time tone resneeee 
\ tHe Amoucan Crueihfe propucts co. 








1329 Oberlin Avenue Lorain, Ohio, U.S.A. 











PSC’s All-Sheet Construction 
Adds to Furnace Tube Life 


Experience of users shows much lower frequency of burn-out, with 
tube life extended up to 100%. In PSC tubes, precision-welded 
bends are of same metal and thickness as the 

legs. The continuousiy smooth walls result 

in uniform flow of gas, and reduce the car- 

bon build-up and bend burn-out, which com- 

monly result from the rough interiors of 

cast alloy bends. Lighter than cast by 33 

to 50%, PSC radiant tubes cost less in- 

itially. Any size, shape or alloy. 


Send Jor Meat -Theat Catalog 
PC 


THE PRESSED STEEL CO. + Wilkes-Barre, Pa 





Titanium Extrusions .. . 


tion of the minimum bend radius and 
the ability of the material to flow 
in the runout area. As with stretch 
forming, proper surface condition is 
important in obtaining good joggles 
in titanium. Correct tooling, which 
prevents differential bending in ex- 
trusions with thick and thin sections, 
is also vital. 

Although there are many prob- 
lems, the author affirms that titan- 
ium extrusions can be successfully 
formed, by observing the following 
basic rules: 

1. Take proper steps to secure a 
good surface condition. 

2. Form at room temperature or 
above 1250° F. 

8. Do not exceed the limited 
shrink and stretch allowables. 

4. Use a generous bend radius. 

5. Use good tooling. 

W. V. Warp 


Titanium Produced 
Electrolytically 


Digest of “Preparation and 
Electrolysis of Titanium Tri- 
chloride”, by H. N. Sinha and 
H. K. Worner, Transactions, 
Indian Institute of Metals, Vol. 
9, 1955-56, p. 123-133. 


T= ELECTROLYsIs of titanium tri- 
chloride in a fused salt bath is a 
promising method for producing 
titanium metal because continuous 
operation is possible, the consump 
tion of energy is low, and the prod- 
uct can be kept reasonably free from 
oxygen. The trichloride can be pre- 
pared by reduction of the more 
readily available tetrachloride with 
reducing agents, such as aluminum, 
zinc, antimony, silver, hydrogen, and 
the alkali metals. Hydrogen appears 
to be most suitable because (a) it 
is obtainable relatively cheaply in 
large quantities and in a purified 
form, and (b) after the reduction, 
the hydrogen chloride formed, as 
well as any excess tetrachloride, is 
readily removed by distillation from 
the titanium trichloride powder. 
Two reaction vessels were used; 
one (pyrex glass) produced titanium 
trichloride on a small scale, and 
another (stainless steel) produced 
batches of a few pounds. The base 
of the pyrex glass apparatus used 
for this process at the University of 
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where DEPENDABLE 
AIR DELIVERY... 








..., reliable SPENCER blowers 


Time after time, men who know specify SPENCER 
—for original equipment or replacement. 


Proven dependability is the reason. Simple construction, constant 
pressure at varying volumes, mounting that requires no special 
foundations —these are some of the reasons why SPENCER IS PREFERRED. 
Whatever your requirement in blowers—from 3 to 1,000 H.P., 
volumes up to 20,000 CFM, pressures from 4 oz. to 10 lbs., 

it will pay to check with SPENCER. 





Photo shows 60 Ton Billet Heating Furnace installed at the Colorado 
Fuel & Iron Corp., Wickwire Spencer Steel Div., Buffalo, N.Y. A 
SPENCER 100 H.P., 1750 RPM Turbo Compressor rated 18,000 CFM 
at 12 oz. pressure furnishés combustion air. 








Request Catalog 126-A 
containing complete 
specifications. 








SPENCER 
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vacCuUM VACUUM \ | CONVEYING 
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PLAST-IRON 
POWDERS 


NEW 


Grade B-280 
Reduced * 80 Mesh 


Improved Sponge 
lron Powder 
* 

Complete 
Interchangeability 
For Present Dies 

oe 
Competitively Designed 
a 
Competitively Priced 


PM 64 


Send for Technical Data 
and Working Sample 
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Titanium Production . . . 


Melbourne in Australia was heated 
in a furnace to vaporize the charge 
of titanium tetrachloride in an 
atmosphere of hydrogen, and reduc- 
tion to trichloride was brought about 
by electrically heating a tungsten 
filament in the upper part of the 
vessel to about 1830° F. A reflux 
condenser above the vessel pre- 
vented wastage of titanium com- 
pounds with the gases evolved. The 
solid trichloride collected in the bot- 
tom of the vessel and was removed 
in an inert atmosphere to prevent 
oxidation by air. The yield per hour 
was about 2.25 g. per sq.cm. of hot 
surface. 

Using the same process, a larger 
stainless steel reactor vessel pro- 
duced about 2 lb. of titanium tri- 
chloride in 12 hr. from 1.5 1. of titan- 
ium tetrachloride. In this reactor 
a 750-w. silica-sheathed tungsten 
filament was operated at 2010° F. 

Another pyrex glass apparatus is 
described for combining the reduc- 
tion of tetrachloride to trichloride, 


and the electrolysis of the latter to 
produce titanium metal. By this 
combination, oxidation of the reac 
tive trichloride in handling is 
avoided. The apparatus consisted 
of three glass vessels, the first being 
a boiler to provide titanium tetra- 
chloride vapor mixed with hydrogen. 
This mixture was led into the reduc- 
tion reactor, equipped with a con- 
denser and silica-sheathed tungsten 
filament as described above. The 
lower part of this reactor was con- 
nected by a glass tube to the lower 
part of the electrolytic cell. Both 
vessels shared a fused salt bath and 
the same furnace. The fused salt was 
the eutectic 60 mol per cent LiCl, 
40 mol per cent KCl. The cell had 
a tungsten anode, and a tungsten 
cathode which was isolated in a 
special compartment, both extend- 
ing downward into the fused salt. 

All three vessels were provided 
with a hydrogen atmosphere, except 
during fusing of the salt, which was 
heated slowly to 1020° F. under 
hydrogen 
hydrolysis from moisture in the 


chloride to prevent 








The JAco Ebert offers highest resolu- 
tion and dispersion, assures unsurpassed 
precision and sensitivity for analyses of 
ordinary materials as well as super- 
alloys, rare earths and transuranic ma- 
terials. Only the JAco Ebert embodies 
tees | desired feature for fast, reliable 
results plus simplicity of operation never 
before attained in so versatile a spec- 
trograph. Normal peak analytical limits 
are easily extended through use of op- 
tional Order Sorter. 

Learn more about the JAco Ebert — 
write today for free 8-page catalog. 


Best for 


QUALITY CONTROL 
and 


RESEARCH 
ANALYSIS 


Highest dispersion 
and resolution 
of any 
spectrograph! 








saree 


Flexible: High dispersion for routine 
anal . « « ultra-high dispersion and 
resolution for checking line interfer- 
ence, line shape, self-reversal; for 
isotopic analyses. 


Simple: Easily operated by non-tech- 
nical personnel. 


: Greater reliability, ver- 
satility . . . eliminates § crifical 
adjustments. 


Wide Coverage: With 20" camera, 
single exposure records — at high dis- 
persion — the most sensitive lines of 
all metallic elements (except alkalies). 
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| hee Jarrell-Ash Company 
22 Farwell Street, Newtonville, Massachusetts 


San Mateo, Calif. 
Dallas, Texas 


Tinley Park, 111. 


New York, N. Y. 
Pittsburgh, Penna. 


Atlanta, Ga. 
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HARRIS 

CHILLING EFFECTS 
CRITICAL 
MARTENSITIC 
STRUCTURE FOR 
NEW YORK 

AIR BRAKE PARTS 


For three years the Watertown 
Division of The New York Air 
Brake Company has relied on their 
Harris Production Chilling Ma- 
chine for dimensional stability in 
critical components. 

Tool steels are used, as shown 
in the illustration. According to 
H. E. Crouse, Heat Treat Fore- 
man of the Watertown Division, 
“The stability required in these 
parts demands as near 100% trans- 
formation as possible from aus- 
tenite to martensite. Our Harris 
Chilling Machine has achieved 
this requirement to our complete 
satisfaction.” 

Actually leading metallurgists 
agree that by repeated chilling to 
-120° and tempering 100% trans- 
formation can be attained. 


E 52100 


LEARN HOW CHILLING CAN IMPROVE 
YOUR TOOLS AND PRODUCTS .. . AT 
LESS COST. WRITE TODAY OR SUBMIT 
SAMPLE PARTS FOR TEST PROCESSING. 
NO OBLIGATION. 


ARRI 


REFRIGERATION CO. 


308 River St., Cambridge 39, Mass. 


Specialists in refrigeration engineering, 
manufacturing, and service since 1934. 
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salts. After the salts were fused, the 
electrolyzing current was checked 
but turned off again, until the tri- 
chloride production had proceeded 
for about 20 min. in the other 
vessel. Then electrolysis of the salt 
containing the _ trichloride was 
started. The current efficiency was 
45 to 50% at an average current 
density of 50 amp. per sq.dm. After 
about 2 hr., the cathode compart- 
ment was removed and its contents 
tested after leaching with dilute 
hydrochloric acid, washing, and 
drying. 

The metal powder produced was 
spongy and dendritic, and compared 
favorably with Kroll-process sponge 
in microhardness and lattice param- 
eters by X-ray diffraction. Experi- 
ments are being continued to im- 
prove the coherency of the deposits. 

CG. F. Comstock 


Hot Tearing of 
Magnesium Castings 


Digest of “Hot Tearing of 
Magnesium Casting Alloys”, by 
R. A. Dodd, W. A. Pollard and 
J. W. Meier, American Found- 
rymen’s Society Preprint No. 
57-48, 1957. 17 p. 


OT TEARING is one of the more 

serious causes of defects in cast- 
ings of complex design and of diffi- 
cult composition. Thus, a knowl- 
edge of hot tearing characteristics 
is important. 

In 1945, the Canadian Dept. of 
Mines and Technical Surveys began 
a fundamental study of the hot 
shortness sensitivity of magnesium 
casting alloys. 

In the first phase, a simple hot 
tearing test was devised. The ex- 
treme hindrance to contraction 
caused by casting around too rigid 
cores (steel, in most of the test 
castings) tended to result in much 
solid state stress-cracking, particu- 
larly in those alloys containing brittle 
eutectic or other grain-boundary 
constituents. Also, the rate of cool- 
ing under these restrictive condi- 
tions was extremely rapid, and this 
effectively prevented healing of tears 
by liquid eutectic. 

The second phase was concerned 
with the effect of chemical composi- 
tion and constitution on hot tearing 
characteristics of binary magnesium 
alloys. The Singer-Jennings ring test 
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NEW 


Grade A-213 
Electrolytic 100 Mesh 


Non-Laminating 
Electrolytic Iron 
Powder 
e 
Presses 
to Ultra-High 
Densities in One 


Operation 


Send for Technical Data 
and Working Sample 
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for All Your “Rockwell Testing” Needs 


CLARK Diamond Cone Penetrators 
are exactly right for your “‘Rock- 
well” hardness tester, whether or 
not it bears the CLARK name. 
Every step in their manufacture, 
from careful diamond selection to 
expert lapping, leads to a precision 
product that will give you precision 
results. Yet CLARK Diamond Pene- 
trators cost surprisingly little. 

6 
CLARK Steel Ball Penetrators, for 
accurate “Rockwell testing” of un- 
hardened steel, cast iron, brass, 
bronze, and similar materials, aré 
available in all standard sizes. 








CLARK Test Blocks, in various 
hardness grades, provide a quick, 
sure, and simple method of check- 
ing the accuracy of your “Rockwell” 
type hardness tesier. 
Write today for descriptions 
and prices. 


CLARK INSTRUMENT, INC. 


10202 Ford Road ¢ Dearborn, Mich., 





Economical . . . 


Flexible 


LEX. BELT 


Hot Tearing . . . 


was used, and a classification was 
made of the susceptibility of com- 
mercial alloys to hot tearing. 

The study confirmed that mag- 
nesium alloys are markedly less hot 
short than aluminum alloys of sim- 
ilar constitution, and that the 
performance of individual alloys is 
largely related to the solidification 
characteristics and the as-cast micro- 
structure. The presence of a thin 
grain-boundary film suggests hot 
shortness, whereas thick films sug- 
gest a relatively tear resistant alloy. 

In the third phase, a testing pro- 
cedure was developed to evaluate 
commercial alloys and devise hot 
shortness sensitivity ratings. 

Alloys containing rare earth ele- 
ments were noticeably less suscep- 
tible to tearing than other composi- 
tions, and quite considerable eutec- 
tic crack healing took place, which 
was noticeable as bright ragged 
streaks on the otherwise matte 
casting surface. 

With the aid of a modified test, 
made in all sand molds (no steel 
cores), the alloys were categorized 
broadly as (a) alloys having mod- 
erate to good hot tear resistance, for 
example, Al0, EK30 and EM61, 
and (b) alloys having more pro- 
nounced hot shortness, such as M1, 
ZK61 and AZ31. 


W TE The conclusion is that sound cast- 
by A iif R ings can be produced in any of the 
alloys if proper care in casting 


design and molding procedure is 
taken. H. Heme 


Let your production move around corners on the new, low cost Omniflex belt. 
Short turning radius @ light weight e easily installed e low maintenance factor 


Bonding Soft Metals 
to Semiconductors 


Digest of “Technique for Con- 
necting Electrical Leads to 
Semiconductors”, by O. L. 
Anderson, H. Christensen, and 
P. Andreatch, Journal of Ap- 
plied Physics, Vol. 28, August 
1957, p. 928. 


T™ PAPER describes a _ direct 

method of bonding various soft 
metals with clean single crystal semi- 
conductor surfaces (germanium or 
silicon). The connection does not 
require chemical fluxes, intermediate 
materials, or vacuum environment. 
The physical phenomenon, adhesion 
without the formation of a liquid 
phase, is called a thermocompression 


WINCHESTER, VIRGINIA Illustrated literature available, specify catalog M12. 
. —~ pag Balti = . 7 4 a . ey “< . ryt . ee 
SALES ENGINEERS: land « Dallas « Detroit + Fall River, Mass. « Greenville, 5.C. « Louisville 
S: New York © Philadelphia « Pittsburgh « Rochester « St. Louis « St. Paul 
San Francisco « Tampa « Canadian Rep., Peckover's Ltd., Toronto « Montreal 
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A side view of the 72 cw. ft. 
Pangborn Rotoblast Barrel. 
Pangborn Barrels available 
in 1%, 3, 6, 12, 18, 20, 32, 
72 and 102 cubic foot sizes 


BUILT BIG ...TO CLEAN BIG 


Giant Pangborn unit Rotoblasts loads up to 12,000 lbs. in minutes! 


How do you build a giant blast cleaning barrel? 
If you're Pangborn, you use steel, inches thick. 
You put in the heaviest apron conveyor ever 
made. You incorporate the patented abrasive 
separator, abrasive-tight door, simplified Pang- 
born construction. You power it with two Roto- 
blast wheels that hurl 60 tons of abrasive an hour. 

Sure, it’s tough to build . . . but it’s worth it 
when you come up with a 72 cu. ft. Pangborn 
Rotoblast® Barrel! This unit cleans 6-ton loads 
in five minutes and gives the lowest operating 


Clean it fast with 


See Pangborn at the Cleveland 
Foundry Show, May 19-23, 
Booths 2033-2037. 


and maintenance costs in the blast cleaning field! 
It’s one of many Pangborn Rotoblast Machines 
There's one for your problem 


The Pangborn Engineer in your area will 
be glad to take off his coat and go to work 
on your cleaning problem at no obligation 
And for complete information on Rotoblast 
Barrels, write to: Pangborn Corp., 1800 
Pangborn Blud., Hagerstown, Md. Manu- 
facturers of Blast Cleaning & Dust Control 
Equipment. 


Pangborn 


ROTOBLAST* 





Bonding . . . 


Adhesion occurs in a time of 
seconds to a few minutes, at tem- 
peratures below the eutectic of the 
metal and semiconductor (as low as 
300° F. below the eutectic) and 
pressures of the order of 5000 psi., 
provided that the metal and semi- 
conductor both have relatively clean 
surfaces. 

The equipment needed to make a 


bond. 


bond consists of a heated element 
(shaped as a wedge, a flat, or a 
point) which presses the metal 
against the semiconductor. For ex- 
ample, a heated razor blade press- 
ing a wire filament (0.0002 to 
0.010 in.) against the semiconductor 
resting on a heater strip gives a prac- 
tical bond. The metallic filament is 
annealed and cleaned in a flame or 
acid. Washing an etched surface 
of the semiconductor in water (or 
alcohol) is sufficient preparation for 
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Fort Pitt Steel Casting Saves Time 
and Money With Radiography Machine 
that Uses Cobalt and Iridium Sources 


The quality control group of the Fort Pitt Steel Casting Division 
of Pittsburgh Steel Foundry Corporation, McKeesport, Pa., saves 
manpower, time and money by radiographing valve bodies with 
Nuclear Systems’ Model 52 Multitron, a safe and versatile radiog- 


raphy machine. 


Said one of the quality control engineers, ““We use 20 curies 
of Iridium 192 for inspecting lighter sections of steel and alloy cast- 
ings up to two inches. We also use Cobalt 60 in the same machine 
to radiograph valves up to 16 inches in diameter. 

“Nuclear Systems’ Model 52 enables us to do any sort of 
radiographic inspection here in the plant instead of the time- 


consuming method formerly used.” 


Call on Nuclear Systems for a// your radiography equipment 
needs. Offices in Philadelphia, Chicago, San Francisco and Los 
Angeles. Sales representatives in major cities. Catalog on request. 


Visit our booth at the Southwestern Metal Exposition and Congress. 
May 12-16. State Fair Park, Dalias, Texas 


NUCLEAR SYSTEMS 
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good adhesion. Another useful con- 
nection is made by butting the 
balled (or headed) end of a wire 
against the semiconductor by means 
of a capillary tube. 

A certain pressure is necessary for 
the creation of a thermocompression 
bond. The authors consider it more 
practical to control the deformation 
of the metallic filament rather than 
the load. For strongest connection, 
the deformation of the filament un- 
der load should be kept within 10 
to 30%. The bonding is distin- 
guished from cold welding by the 
low pressure involved and the fact 
that one of the elements is very 
smooth and brittle. The required 
pressure for bonding is lower than 
that necessary to move or create dis- 
locations in the semiconductor, as 
shown by etch pit counts near the 
bonded region. The strength of the 
connection is as strong as the fila- 
ment. This rules out surface tension 
or secondary chemical bonding as 
the fundamental mechanism of ad- 
hesion. The authors have not been 
able to find any clear-cut micro- 
scopic or electrical 
diffusion of the 


semiconductor. 


evidence of 
metal into the 


Pressures, temperatures, and time 
are reduced by either prior mechan- 
ical scrubbing of the surfaces, or 
outgassing of the surfaces prior to 
bonding in a vacuum. Wires of 
gold, copper, silver, and aluminum 
and a number of alloys of these 
metals can be bonded to either ger- 
manium or silicon. Gold wire to 
germanium is the easiest thermo- 
compression bond attempted to date. 


D.R 


Steel Cartridge Cases 


Digest of “The Steel Case 
Program”, by Philip H. Burdett, 
Ordnance, Vol. 41, July-August 
1957, p. 195-197. 


T= American Ordnance Small 

Arms Steel Case Committee (Dr. 
Burdett, chairman) has been con- 
cerned with the development of steel 
cartridge cases. 

Solutions to metallurgical and 
surface finish problems frequently 
are uniquely applicable to one cali- 
ber or to ammunition for one type of 
gun and the solution to each must be 
sought separately. The characteris- 
tics of the particular gun, firing pres- 
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WISSCO BELTS 


withstand high heat 
Wissco High and carry heavy loads 


Temperature 
Belts have 
these exclusive 


construction 
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WISSCO’S EXCLUSIVE THIN FLAT SPIRAL is formed 
thin and stretch-resistant ... provides a smooth sup- 
porting surface for heavy loads or tall, slender 
objects ... distributes the wear over a large area. 


WISSCO’'S DUAL CONTINUOUS REINFORCING ROD 

Two adjacent rods are joined to form a flattened 
oval. The extremities of this oval are located inside 
the knuckled edges of the belt to give full reinforce- 


ment and prevent narrowing of the belt 


WAVARARANAWANY 


VIN 
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PERMANENT “FREE” KNUCKLING — An opening, 
equal to the diameter of the reinforcing rod, is left 
between knuckle loops. Since there is no load on 
knuckles they cannot pull open and cause ragged 
edges. 


WISSCO’'S EXCLUSIVE QUICK SPLICE CONNECTOR 

One end of each Wissco Belt is fitted with a 
double spiral of the opposite hand weave to that 
of the belt. A single straight rod is inserted through 
the loops of section ends and held in place by 
knuckling or welding. 


Our engineers have long experience working with W ‘ . 4 Cc re) B E LT a 
leading manufacturers on their high temperature 

process-conveying problems. Many have shifted to PRODUCT OF WICKWIRE SPENCER STEEL DIVISION 
Wissco Belts and are getting longer service life, less THE COLORADO FUEL AND IRON CORPORATION 

down time and greater production. Why not let US rue Coronado FUEL AND IRON CORPORATION —Denver ond 
show you what a Wissco Belt can do for you? Ockiond + WICKWIRE SPENCER STEEL DIVISION — Atlante * Boston 


Buffalo « Chicago * Detroit « New Orleans « New York * Philadelphia 
CFai OFFICES IN CANADA: Montreal « Toronto 5549-A 





you can get this 
brilliant finish 
directly on 


zinc die castings! 


No electroplating--no 
mechanical finishing! 


PART AS CAST 


WEW 
TIRIDITE) (Cast-Zinc-Brite) 


brightens zinc die castings by chemical 


TREATED WITH NEW IRIDITE 


polishing, protects against corrosion 


NOW, FOR THE FIRST TIME you can get a brilliant, decorative finish 
directly on zinc die-cast parts . . . without mechanical finishing, with- 
out electroplating! The luster is provided by the chemical polishing 
action of new Iridite (Cast-Zinc-Brite) solution. Even surface blem- 
ishes, such as cold shuts, are brightened by this new process. No 
electrolysis. No special equipment. No specially trained personnel. 
Just a simple chemical dip for a few seconds and the job is done. 
And, this new Iridite has been tested and proved in production. 


CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides 
exceptional corrosion resistance for bright-type chromate finishes . . . 
also guards against blueing or darkening by eliminating zinc plate 
formerly required in bright chromate finishing of zinc die castings. 


AS A BASE FOR ELECTROPLATING—Lower mechanical finishing costs are 
possible where plated finishes are required since the brightness pro- 
vided by this new Iridite may be sufficient. 


LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at 
least a half-dozen typical zinc die-cast parts for FREE PROCESSING for your 
own tests and evaluation. Or, for immediate information, call in your Iridite 
Field Engineer. He's listed under “Plating Supplies” in your classified ‘phone 
book. IMPORTANT: when you give us samples for test processing, please be 
sure to identify the alloy used. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 
BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE®, IRILAC’'™, ARP® Brighteners and 
Piating Chemicals — West Coast Licensee: L. H. Butcher Co. 





Cartridge Cases . . . 


sure and rate of fire are some of the 
determining factors. 

Progress on steel cases during the 
past seven years has been slow but 
solid. Some work has been per- 
formed with each of the military 
small-arms calibers. In no instance 
does there appear to be any real 
obstacle to the manufacture of a 
satisfactory steel case. What is 
needed most is experience, not only 
in manufacture of the cases, but 
also in refining and rolling the steel. 

There has developed a somewhat 
conflicting climate of opinion on this 
whole small case program. Some 
military planners believe that the 
steel case program is not of criti- 
cal importance; that brass cases are 
adequate; and that in time of emer- 
gency brass will be available in 
unlimited quantities. Others believe 
that with modern high-cycle rate 
guns and high firing pressures only 
steel will produce adequately strong 
cartridge cases. The Assistant Sec- 
retary of Defense for Engineering 
has issued a strongly worded warn- 
ing concerning the necessity for con- 
servation of materials and has cited 
the use of steel for cartridge cases as 
an example of what can be done. 
The American Ordnance Assoc. 
favors continued support of the 
small-arms steel case program, pro- 
posing the manufacture of non- 
combat small-arms cartridge cases 
from steel within the limits of avail- 
able know-how. Their proposal 
includes practice rounds, dummy 
cartridges, and blank cartridges. 
They caution that extensive produc- 
tion experience is needed before 
reaching any definite conclusions. 

The caliber 0.30 program is being 
carried out on a limited scale. The 
7.62-mm. NATO program awaits 
weapon standardization. It is hoped 
to produce either case on inter- 
changeable lines using unoriented 
heat treating and barrel plating 
equipment. Only fully hardened 
and tempered cases are acceptable. 
Production-type equipment for 
oriented heat treatr-ent and quench 
is still in the development stage of 
manufacture. The only acceptable 
finish to date is chromated zinc elec- 
troplate. No practical way has yet 
been found to apply epoxy-phenolic 
varnish, an otherwise acceptable 
finish. Frep M. ARNOLD 
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INSTANTANEOUS HEAT with 


Holden Combustion System 
Firing Rate: 50,000 B.T.U. Per Sq. Ft 


Blower Air 117 CM INSPECT THIS PROVEN OPERATION AT OUR 
DETROIT PLANT 





Heating Instantly 


Holden Luminous Wall firing system is a method of uniformly applying 
instantaneous heat to parts in process. 





Low Thermal Storage 


Thermal storage in refractory lining is eliminated. A positive source 
of radiation, transferring maximum amount of heat directly to the 
work with negligible thermal storage in furnace structure. This means 
rapid starting, cooling and re-starting. 


Flexibility 


Typical example of rapid heating shown on graph. From a cold start and 
firing 50,000 BTU per sq. ft. following temperatures were obtained:— 


1. Up to 1000° F. (10 min. lag 800° to 1000° F.) 
2. Up to 1975° F. (3 min. lag) 
3. 1975° F. to 2275° F. (3 min. lag) 


The Ye ge wall has no heat storage so conversely, when gas is shut 
off and air allowed to blow through furnace wall, the wall immediately 
assumes temperature of incoming ambient air. 
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HT Oe, Potentiometer Luminous Wall—instantaneous Heating offers— 

1. Greater overall heating efficiency—more than any other type gas 
furnace. 

2. 40°%/, less fuel consumption per average day 

3. Rapid furnace heating—From a cold start, temperatures of 1000 
to 2000° F. obtained within time cycle of | to 10 min. using 50,000 
BTU per sq. ft. 

‘ Y . Rapid furnace cooling—no refractory spalling 

. Increased refractory life—Tests conducted in unit over 3 years old 

operated at temperatures to 2300° F. without refractory replace- 
ment 











HE row sete, Increase Your Profit 
EES ue oe cas = 
Cotonci Valve. Chere Gees Many industrial heating processes needlessly use large proportion of 
heat and time to achieve operating temperatures. Reduce excessive 
fuel and labor costs and increase = profits by investigating Holden 


Luminous Wall firing system! Write tor Technical Bulletin 209. 





MAKE THIS PART OF YOUR FORWARD PLANNING FOR 1958 


THE A. F. HOLDEN COMPANY 


3 F.O.B. Points to serve you better 








460 GRAND AVENUE 
NEW HAVEN 8, CONN. 
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Mechanism of Sintering 
Aluminum Oxide 


Digest of “Role of Grain 
Boundaries in Sintering”, by 
J. E. Burke, Journal American 
Ceramic Society, Vol. 40, March 
1957, p. 80-85. 


UR UNDERSTANDING of the sinter- 

ing mechanism has progressed 
quite rapidly; perhaps because of 
the diversity of experimental meth- 
ods applied, and because 
have been made not only with metal- 
lic powders, but also with oxides 
In the 
present paper, a metallurgist has 
studied the 
oxide, which is traditionally a prob- 


studies 


carbides, and glass beads. 


sintering of aluminum 


lem in ceramics. The problem is 


approached from a_ metallurgist’s 
and the excellent 
results show what can be achieved 
when the traditional barriers be- 
tween 


point of view, 


metals and nonmetals are 
removed and the problems of solid 
materials are considered in their 
broadest aspect. 

Aluminum oxide was chosen since 
it is an ionic compound obtained 
with a relatively high degree of 
purity. The author observed changes 
in pore size, pore distribution, and 
the interaction between pores and 
grain boundaries during the process 
of sintering. The alumina powder 
was 15 » in size. After sintering for 


one hour at 1800° C. (3270° F.), 
the pores, resulting from the misfit 





The Answer ° To 
Uncertain Tool Hardening 
THE SENTRY DIAMOND BLOCK 


The truly neutral atmosphere produced by the Sentry Diamond Block 
unfailingly prevents scale or decarburization on all types of high-carbon 
high chrome or tungsten, molybdenum or cobalt high speed steels at 


hardening temperatures. 


The Diamond Block Atmosphere is constant, not requiring the continual 
analysis or regulation associated with other generated atmospheres. 
Efficient and positive in operation, it safely permits ample soaking for full 


hardness. 


Sentry Model “Y” Furnaces, designed especially for use with Sentry Dia- 
mond Blocks, provide the ultimate in high speed heat treating equipment 


at amazingly low cost. 


Send samples of your high speed steel tools for free demonstration hardening, and/or 


write for the Sentry catalog for further details. 


189-8 


entry Furnaces 





TRADEMARK 


Request Catalog A-33* Write THE SENTRY CO., FOXBORO, MASS. 





between particles, showed even dis- 
tribution between the grains. After 
sintering for one hour at 1900° C. 
(3450° F.) ’ 
and the average 
was about 300,. At this stage, 
practically all the pores were located 
inside the grains. The average 
porosity remained about the same, as 
shown by the absence of —_ ge. 
After further sintering of 2 hr. 

1950° C. (3540° F.), some of er 
pores larger, 
appeared and there was a noticeable 


recrystallization took 


place grain size 


became many dis- 
absence of pores in regions located 
near the grain boundaries. It was 
therefore, that the 
disappeared faster near grain bound- 


evident, pores 


aries than in the center of the 
grains. This observation confirmed 
those made by previous investigators 
in the sintering of copper. 
mina, as in copper, the reason for 
shrinkage of pores cannot be due to 
the action of surface tension accom- 
panied by plastic flow, because if 
that were so, all pores would shrink 
uniformly. It is more probable that 
the mechanism of sintering is a dif- 
fusion one, as described by the 
Nabarro-Herring model. The atoms 
diffuse from grain boundaries to 
neighboring pores, and the grains 
move together to fill the vacancies 
left by the missing atoms. 

The author also discusses the role 
of grain growth during sintering. 
His evidence is quite convincing 
that in order 


In alu- 


to obtain maximum 
densification during sintering, exces- 
sive grain growth should be inhib- 
ited. The addition of small amounts 
of selected impurities might be a 
practical answer to this problem. 

Pot DuweEz 


Removing Inclusions 
Ultrasonically 


Digest of “The Removal of 
Inclusions for Analysis by an 
Ultrasonic ‘Jack Hammer’ ”’, by 
George L. Kehl, Hyman Stein- 
metz and Warren J. McGon- 
nagle, Metallurgia, Vol. 565, 
March 1957, p. 151-154. 


MALL INCLUSION particles in metals 

have to be extracted either 
chemically or mechanically before 
they can be identified. Reagents 
with selective dissolution proper- 
ties make it possible to attack 
the matrix metal and leave the in- 
cluded material as loose debris 
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Important Radiographic data at a glance 


Free Wall Charts give you latest information on film selection, 
relative speed, and contrast. 


oOpDAY’s fast films and varied radiation 
sources give the present-day radiographer EASTMAN KODAK COMPANY 
; + . hy X-ray Division, Rochester 4, N. Y 

many new opportunities for establishing expo- 

. ¢ ’ iis : M °.° . Gentlemen: Please send me your free wall charts of 
sure factors to meet unusual conditions and : 

7 Radiographic data 55-5 

get better radiographs. 


' _* ‘ Name — 
So that you can have the latest information 


right before you, Kodak has prepared two Company —— 
quick-reference wall charts—one, a guide for Street __ 
selecting the best type film for your x-ray and 
gamma ray work—the other, showing relative 
speed, contrast, and development of Kodak 
Industrial X-ray Films. 


Ee : State 


a 
| 
| 
| 
| 


EASTMAN KODAK COMPANY 
These charts are yours—free for the asking. 


d , 4 n ‘ X-ray Division 
Juat rap us a line and you'll get yours by Rochester 4, N. Y. 
return mail. 
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Inclusions . . . 


which may be filtered and gathered 
for subsequent analysis. Danger is 
that the inclusion debris will have 
changed chemically. 

Manually, removal is confined to 
probing and loosening inclusions us- 
ing a pointed stylus or probe. The 
authors have removed inclusions of 
minimum diameter of 104 with a 
pointed stylus oscillating at ultra- 
sonic frequencies. The work is per- 
formed with the aid of a microscope. 
The method is ideally suited to re- 
moving hard and brittle secondary 
alloy phases, as well as nonmetallic 
inclusions of either the hard, glassy 
type or loose, fluffy varieties. 


Extraction apparatus includes 
these five major components: 

1. Ultrasonic driving oscillator 
matching the natural frequency of a 
selected barium titanate transduce 
(47 ke. per sec.). 

2. Brass horn cemented to the 
transducer to magnify linear motion 
by a factor of about 30. 

3. Pointed stylus making contact 
with the inclusion to be removed. 

4. Bench-type metallurgical mi- 
croscope with glass hood over the 
specimen holder to permit inert gas 
shielding of specimen if necessary to 
prevent oxidation of debris. 

5. wo micropositioners, one to 
hold the transducer horn assembly 
and to locate the stylus precisely, the 
other to manipulate a greased quartz 





Ose ... 


MAXIMUM WORK SPACE 
WITH MINIMUM BATH 
AREA. 


CIRCULATION - CONVEC- 
TION CURRENTS. 


ELECTRODES POSITIONED 
TO GIVE CLEAR WORKING 
AND CLEANING AREA. 


HEAT INTRODUCED AT 
BOTTOM. 


e ANY DEPTH. 


... Makes the Difference in— 


ALUMINUM BRAZING 


HARDENING ° 
HEATING -e 
MARTEMPERING 


Batch and Full 


Upto 


CANEFCO, LI 


NEUTRAL HEATING . 
ANNEALING e« 


° Ht SPEED STEEL 
BILLET 
CARBURIZING 


AUSTEMPERING 


Automation 


ELECTRIC FURNACE COMPANY 


30435 Groesbeck ° 


Roseville, Michigan 


fiber to gather up the inclusion 
debris after extraction. 

At the outset, stylus points were 
made from 0.02-in. diameter tung- 
sten wire, electrolytically pointed; 
but its relative softness, short life as 
a tool and loss of tungsten during 
use, thereby contaminating debris, 
dictated a change to 0.045-in. di- 
ameter carbon steel drill rod heat 
treated to maximum hardness. 

Preparation of Stylus — The drill 
rod is pointed electrolytically by con- 
trolled immersion in a solution of 
50% glacial acetic acid and 50% 
nitric acid, cooled during use by 
an ice bath or by addition of dry 
ice chips. The drill rod serves as 
one electrode, suspended vertically 
in the electrolyte from the stage of a 
micropositioner. A strip of plat- 
inum foil is the other electrode. 
With electrodes connected across 
8 to 12 v.a-c., the end of the drill rod 
is immersed to a depth of about 
% in. by actuating the positioner, 
and then withdrawing on a cycle of 
about 2 sec. After 25 to 30 cycles, 
the end becomes pointed, but still 
not sufficiently sharp. Final point- 
ing calls for immersion and with- 
drawal at a constant rate until cur- 
rent is reduced to 0.2 amp. Then 
the wire is left. in the electrolyte 
until current drops to zero, after 
which it is withdrawn immediately. 

After pointing, the rod is cut te 
a 2%-in. length and attached to the 
horn by inserting into a drilled hole 
and fixing in position with softened 
hard wax. 

Extraction Procedure — Area of in- 
terest on the specimen is located 
microscopically and the vibrating 
stylus is lowered until contact with 
the inclusion is made. Thereupon 
the inclusion is shattered locally and 
a shower of debris is formed and 
scattered in the vicinity. Depth of 
penetration and size of the resulting 
cavity in the inclusion are controlled 
by manipulation of the stylus 
through the micropositioner. 

When sufficient inclusion debris 
has been created, usually after 15 
to 20 min. of this action, fragments 
are gathered on a quartz or glass 
fiber suitably coated with grease or 
an adhesive and then transferred to 
X-ray diffraction apparatus for anal- 
ysis. Photomicrographs show the ef- 
fectiveness and precision of this 
method of extraction. 





ELECTRIC RESISTANCE Artuur H. ALLEN 
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Other SWIFT products: 


"9 “on Hot dip, dry film lubricants and coatings 
mee. 2: © Wet and dry drawing compounds 

3 ¢ Cold heading compounds 

¢ Anti-friction products 





SWIF\ 


& COMPANN 
proudly annowntes 


new complex meta\ic 
wire ‘drawing COMPOUNYS 


SWIFT & COMPANY, Industrial Soap Dept. S-34R 
4115 Packers Ave., Chicago 9, Illinois 


How can we place a trial order or obtain a sample of 
Swift’s Lubricants? 


(Please describe intended usage briefly) ............. ; 


Company 
Address 
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Wide variety of alloy and stainless steel products 
made possible with Standard’s new electric melting furnace 


With installation of our new electric furnace, we at Standard are now equipped to 
give you even better service—even faster deliveries—and much greater variety of 
steel analyses—than ever before. 

These expanded facilities provide you with an in-plant source of forgings, cast- 
ings, rings and flanges from virtually any specialty alloy steel, including bearing 
grade steels, tool steels, high temperature steels, and stainless steel. 

Discuss your next requirements with us. You wiil appreciate our service as well 
as our quality. Write Dept. 3-E. 


Standard Steel Works Division 


BALDWIN - LIMA: HAMILTON 


SURNHAM, PENNSYLVANIA Rings * Shafts * Car wheels * Gear bianks * Flanges * Special shapes S 
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The specimen under compression test is laminated timber, 10 ft. in length and 30 in. square. | 
Failure occurred at 4,840,000 Ib. 


TIMBER FAILURE: AT 4,840,000 LB. 
in a giant B-L-H Universal Testing Machine 


Characteristic of B-L-H ability to design and construct testing equipment 
to meet any requirements is this 5,000,000-lb. testing machine, one of 
the largest in the world. Specimens up to 40 ft. in length can be accom- 
modated, either in tension or compression. With it, designers and 
engineers are no longer restricted to testing small scale models. They 
can determine the actual performance of columns, cables, trusses, 
girders and other structural components of bridges, buildings, etc. 


For the best in testing, see B-L-H first. Name your problem—tension, 
compression, fatigue, creep, impact or torsion—and we can supply 
you with the finest equipment available to solve it. We also offer a 
broad variety of accessory equipment and instrumentation. Write today 
to Dept. 2-E for literature or ask to have a B-L-H man call on you 
and show what we have to offer. 


BALDWIN - LIMA: HAMILTON 


Electronics & Instrumentation Division 
Waitham, Mass. 
SR-4®8% strain gages* Transducerse Testing machines 
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Seventy-live Years ... 


Ten MILES an hour was “speed” in 1883 when 
Wyman-Gordon started to make forgings for the high- 


wheel bicycle. Through the 75 intervening years 
forgings have made important contributions to the 
phenomenal advances in propulsion. Progress from 
the first “horseless carriages". . .from the early “‘fly- 
ing machines”. ..to the supersonic speeds of today 
.+.would not have been possible without forgings 


produced by the most advanced techniques of the 
day. 

Wyman-Gordon is proud of its achievements in 
these fields and, as the largest producer of automotive 
and aircraft forgings, is prepared to accept the chal- 
lenge of the future. Today, as for 75 years, there 


is no substitute for Wyman-Gordon quality and 
experience. 


WyYMAN-GORDON COMPANY 


Established 1883 


WORCESTER 1, 


HARVEY, ILLINOIS 


TITANIUM 


MASSACHUSETTS 
DETROIT, MICHIGAN 
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Erecting a crystallizer at a potash refinery in Carlsbad, N. M., oper- 
ated by Pacific Coast Borax & Potash Co. This is one of seven crystal- 
lizers that were shop- and field-fabricated, then field-assembled by 


welding. They were not stress-relieved or heat-treated. There has 
en no stress-cracking in the nine months these units have been in 
service at the potash refinery. 


NEW Ampco Metal Grade 8 stops 
stress corrosion cracking! 


Important changes have been made in Ampco Metal 
Grade 8! It’s entirely new—and completely obsoletes 
old ideas about fabricating copper-base alloy equip- 
ment to handle steam and corrosive media at ele- 
vated temperatures. 
Now, with new, patented Ampco Metal Grade 8, 
you can... 
1. Field-fabricate without stress-relieving! 
2. Make field repairs, changes, and altera- 
tions without heat treatments! 
3. Readily weld with any electric welding 
process! A. No pre-heat. B. No post-heat. 
C. No hot-short cracking! 
At one major oil refinery, field-assembled piping of 
Ampco Metal Grade 8 has handled hot sulphuric- 
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acid sludge for a year and a half without stress- 
cracking. Driers in a paper mill have handled 350 

F steam at 125-lbs. pressure for more than a year 
without stress-cracking. 

Let us prove it to you. Talk to your Ampco field 
engineer. Or write for details. Ampco Metal, Inc., 
Dept. MP-5, Milwaukee 46, Wis. West Coast Plant: 
Burbank, Calif.—Southwest Plant: Garland ( Dallas 
County), Texas. 


~~ AMPCO 
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RCA Electron Microscope helps build 
better cars at General Motors 


Automotive masterpieces have virtues that are more than ‘‘skin deep,” thanks 
to basic research with the RCA Electron Microscope. At General Motors Tech- 
nical Center in Detroit, studies using the instrument range in scope from 
determining deformation in crystalline solids to quality control problems in 
connection with heat-treated metals. Recently, GM researchers correlated the 
score resistance properties of an alloy used in bearings with the precipitation 
of silicon. 


Micrographs, such as shown, indicated that optimum performance resulted 
when the aluminum-silicon-cadmium-bearing material was heat treated to 
precipitate the thin crystallites of silicon throughout the matrix. Particle size 
and distribution were studied by means of electron microscopy and positively 
identified by electron diffraction. 


RCA Electron Microscopes are providing valuable information regarding size, 
shape and structure of particles smaller than 20 angstrom units. With the ability 
to produce direct electron image magnifications up to 200,000X, the RCA 
Electron Microscope is advancing man’s knowledge in many fields, as diversified 
as automobiles and cell structures . . . chemicals and viruses. Installation super- 
vision and contract service are available through the RCA Service Company. 


Undissolved silicon (large opaque particles) 
and thin silicon plates in an aluminum matrix, 
magnification 12,000 diameters. (Micrograph 
courtesy General Motors Research Staff.) 


For full particulars, write to RCA, Dept. F-72, Building 15-1, Camden, N.J. 
In Canada: RCA VICTOR Company Limited, Montreal. 


RADIO CORPORATION of AMERICA 


CAMDEN, N. J. 
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Uniform fine grain, improved drawability with 


Selas short-cycle continuous strip annealing 


Tue AIM OF Selas short-cycle annealing is to 
soften the material by recrystallizing ferrite grain 
structure which has been distorted by previous 
cold working. Tinplate, for instance, is heated to 
1200°F-1300°F, a temperature above the recrys- 
tallization temperature (about 1050°F ) but below 
the lower critical transformation temperature 
(about 1330°F). All of the heating is accom- 
plished in a single-pass, vertical furnace. The ex- 
posed time is about 3.6 seconds, representing 
approximately 30 feet of effective heating furnace 
when the strip is run at 500 fpm. 


Extremely short time under heat produces the 
desired results: heating is so rapid that the strip 
is well above recrystallization temperature before 
nucleation of the recrystallized grains begins. A 
large number of these nuclei are then formed 
almost simultaneously so that recrystallization is 
complete before individual unstrained grains can 
grow to any size. 


ay ON ake i mini = 
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Photomicrograph of short- 
cycle annealed product, 100X 


In conventional annealing, batch or continuous, 
strip is held at temperature in order to produce 
completely recrystallized structure. The Selas 
strip-heating principle involves no holding or 
soaking period since strip leaves the short-cycle 
furnace at a temperature uniform from edge to 
edge throughout its full length. Cooling is re- 
tarded somewhat to 900° F to permit precipitation 
of the carbon dissolved at annealing temperature; 
then the strip is cooled as fast as may be practical. 


Strip temperature in heat- 
ing and cooling sections 


At this point the product is fully annealed, al- 
though it is stiffer—and stronger—than batch- 
annealed tinplate. It can be drawn as well or 
better than batch-annealed strip. It has uniform 
grain structure and uniform high corrosion re- 
sistance. 


This combination of stiffness and drawability 
is characterized as universal temper—designated 
TU. The fact that the strip is both stiff and draw- 
able makes possible the use of lighter gauge 
material. 


Since recrystallization is similar in other metals, 
it is reasonable to expect that other strip metals 
might also benefit from short-cycle continuous 
annealing. This has been confirmed by pro- 
duction annealing of brass and stainless steel and 


by test runs on other metals. 


You are invited to send for the paper “Con- 
tinuous Annealing Sixty Tons per Hour of Tin 
Mill Products.” Address Dept. 35, Selas Corpora- 
tion of America, Dresher, Pennsylvania. 


CORPORATION OF AMERICA 
DRESHER, PENNSYLVANIA DEVELOPMENT + DESIGN +» CONSTRUCTION 


SEAS ee ed Mail Procesing Cngincene GR 
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to definite 


temperature 


specifications 


Engineers: 
Shaw-Kendall Engineering Co. 
Toledo, Ohio 


At the Chevrolet Motor Division of General 
Motors Corporation, Toledo, Ohio, this B&G Self- 
contained Quench Oil unit performs a double duty 
in controlling quench oil temperatures. 

On the cooling side, it is required to remove 
368,000 BTU /hr. from the oil. At a flow rate of 
250 GPM, the oil enters the cooling unit at 140°F 
and leaves at 120°F. Cooling water enters at 85°F 
and leaves at 95°F and is circulated at the rate 
of 74 GPM. 

When used as a heater, 1500 gallons of quench 
oil flowing at 250 GPM is heated within two hours 


BaG Quench Tanks 
Properly designed to induce 
maximum turbulence in the 
quench oil, B&G Quench 
‘Tanks are available in stand- 
ard models or can be built to 
meet any specific quenching 
requirement. 


Send for this combined Catalog 
and Simplified Selection Manual 
for B&G Self-Contained Quench 
Oil Coolers. 





*Reg. U.S. Pat. Off 





=. 





from 60°F to 110°F. The heating medium is steam 
at 10 psig and is passed through the shell of the 
heater. 

Controlled quenching temperatures is the cer- 
tain way to maintain uniform quality in heat- 
treated metals and to avoid excessive sub-standard 
rejects. Whether your heat treating volume is 
large or small, B&G Self-Contained Oil Coolers 
can be engineered to your requirements. ..or, com- 
ponents can be furnished for assembly on the job. 
The services of the B&G engineering staff are 
always available. 


P Hydro-Fis 


OIL QUENCHING 


ttt SYSTEMS 


BELL & GOSSETT COMPANY 
Dept. FG-16, Morton Grove, Illinois 


Canadian Licensee: S. A. Armstrong Lid., 1400 O'Connor Drive, Toronto 16 
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VANCORAM 
ALLOYS 





THERE ARE SCORES OF VANCORAM ALLOYS. They come in drums, pallet boxes, 
container cars, and in bulk. When quantity justifies, most VCA products are available in barge ship- 


ments. But no matter which ones you use .. . or the form in which you use them... they always contain 
two basic and unvarying ingredients: 


Uniformity, and a high level of quality you can count on. We know this because we control the quality 
from mine to finished product. We apply over fifty years of alloy-making experience to the task of 
delivering to you the products that will do your job best, at lowest cost. Furthermore, we back every 
Vancoram product with a brand of service that matches the high quality of that product. 


Vancoram — the first name in alloys, the last word in quality! Next time you need alloys, or help in 
solving ferro alloy problems, be sure to call your nearest VCA Office or distributor. Remember: they 
are there to serve you! Vanadium Corporation of America, 420 Lexington Avenue, New York 17, N. Y. 


Vancoram Products for the Iron Foundry are also distributed by: VANADIUM 


eS LMM ae r CORPORATION 
AD ETAL PRODUCT: P. Y, Inc. 
i Ae & Ge, See OF AMERICA 
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REVCO Sub-Zer 


® for shrink fits 
® for seasoning gauges and tools 
@ for testing ¢ for research 

® for processing to —140° 





Model RSZ503 Rivet 
Cooler (shown) equipped 
with 90 rivet canisters, tem- 
peratures to — 30° F. 110V, 
68 cyole, single phase. 


Model SZH153 with tem- 
peratures to — 95° F. 110V; 
60 cycle, single phase. 


Model SZH653, larger 
capacity, temperatures to 
— 85° F. 110V, 60 cycle, 
single phase. 


Model SZHC657. Same 
capacity as SZH653 but attains 
temperature as low as — 140° F. 
220V, 60 cycle, single phase. 


Seitowetien: Model SZHC657 operates with 
3 Tecumseh hermetic compressors in a two system cascade. Other 
Sub-Zeros use 2 hermetics in a two — system. Rivet Cooler operates 
with single hermetic unit. All models equipped with efficient fan- 
cooled condensers — no liquid coolant required. Write Today for Full 
Specifications and Prices. 





Temp. Range Outside Dim. Inside Dim. 

Rm.70° Rm. 110° Lb W H LW H 

Sub-Zero SZH153 15 —95°F. —85°F. 42” 28” 42%," 23” 9 121%” 
Sub-Zero SZH653 65 —85°F. —75°F. 60° 28” 42%" 477 15” 16” 
Sub-Zero SZHC657 65  -—140°F. —125°F. 60” 28” 42%” 47” 15” 16” 
Rivet Cooler RSZ503 5.0 —30°F. —20°F. 42” 28” 41” 30” 16” 18” 


REVCO, Inc. 


Setting Trends in Refrigeration since 1938 


Description Model Cu.Ft. 




















Deerfield, Michigan 








For Steady Service to 2800° F. and 
Intermittent Operation to 3000° F. 


HARROP 


NMR SERIES 


ELECTRIC 
FURNACES 


Designed for heavy-duty serv- 
ice at high temperatures, these 
Non-Metallic Resistor Electric 
Furnaces by Harrop cut opera- 
ting time and expense . . . con- 
serve floor space . . . provide 
great flexibility of control. 


Pictured is the NMR-7-2214-CS, 
equipped for manual operation and 
for automatic cycling. Temperature 
and time are set... the furnace 
heats to the desired temperature, 
holds accurately for the predeter- 
mined time . . . ‘then shuts off. 


Specifications: setting space 7” wide 
hy 9” deep by 842” high. . . outside 
dimensions 23” wide by 28” deep 
by 64” high. 3000° F. internal re- 
fractories. External blower for ac- 
celerated cooling. 8 KVA transformer, 
voltage adjustable from 55 to 230 
volts in 36 steps. Price: $1,240.00 
f.0.b. Columbus, including crating 





Other Models with setting spaces up to 36” by 40” 
by 36” .. . all models with standard or optional 


instrumentation. 


Special furnace designs developed to meet your need. 
For non-obligating recommendation, sead informa- 
tion on materials, temperature range, heat control 
and firing objectives to Dr. Robert A. Schoenlaub, 


Technical Advisor. 


HARROP ELECTRIC FURNACE 


DIVISION 


OF HARROP CERAMIC SERVICE CO. 
Dept. M, 3470 E. Fifth Ave., Columbus 19, Ohio 








ENDOTHERMIC GENERATORS 


(Electric or Fuel Fired) 


Assure correct, positively controlled heat treating 
atmospheres for: 





1. Hardening of high speed and carbon tools. 
2. Carburizing. 
3. Annealing of ferreus and non-ferrous metals. 
4. Brazing. 
5. Sintering of ferrous and non-ferrous powders. 
6. Carbonitriding. 
7. Clean heat treating of stainless steels. 
Now you can get close, full flow control of atmospheres over a flexible 
range. Sargeant & Wilbur Endothermic Generators automatically retain 
air-gas ratios and produce atmospheres of low CO. high CO, extremely 
low dew points. , 
Operation is safe, dependable and economical. High quality construc- 
tion minimizes maintenance and simplifies servicing. Standard sizes avail- : 
able from 200 to 4000 CFH. i 
Sargeant & Wilbur unconditionally guarantees these Endothermic Gen- 
erators for three months to produce rated output and be free from defects 


i k hip and parts. 
in workmanship and pa Write for complete engineering details 


and realistic price quotation. 


SARGEANT & WILBUR, INC. 
186 Weeden Street, Pawtucket, R. |. 
Pawtucket 6-0013 
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for 1958! 


Iipsen heat treating units 
offer new, improved features! 


The drawing boards are never empty... the research 
and development laboratories are never quiet... the 
test bays are never clear at Ipsen Industries, Inc., in 
Rockford. Ipsen engineers know how to throw the book 
out the window... break the rules... disprove old, 
long accepted theories . . . and they come up with many 
new developments, some of which were considered im- 
possible a few years ago. 


Here are a few of the current new and improved features 
of Ipsen '‘straight-through’’ standard heat treating units 
for 1958! 


@ New super-alloyed ceramic heating tubes, and 
‘'Flame-Buster"’ links which stand temperatures to 
2800° F. 


JUST PUBLISHED New brochure describing features of Ipsen “‘straight- 
through” standard heat treating units. Copies available on request. 
IPSEN INDUSTRIES, INC. + 723 S. MAIN STREET + ROCKFORD, ILLINOIS 


High thermal release alloy gas burners . . . 100% 
premix ... quiet... no tail flames. 

One-piece cast fan and shaft assemblies. Low starting 
torque ...2-speed motor eliminates acceleration strain 
on hot fan blades . . . patented water-cooled fan shaft 
jackets insure cool motor bearings. 

Insulated quench tanks for hot oil- or mar-quenching 
... controlled heating or cooling of quench oil. 
Cast Meehanite door frames for greater rigidity... 
machined door and door plate surfaces for better 
sealing, less heat loss. 

Improved semi-automatic or automatic loaders and 
improved washing and drying equipment (both avail- 
able as optional equipment). 





NE STEP TO SUCCESS! 


IN THE HEAT TREATMENT OF STEEL 


Are you up for promotion? Are you next in line? You can get 
attention ... if you team up with MEI to learn more about your 
work. Knowledge and promotion go hand-in-hand. In a heat 
treating department, the man who knows most about the heat 
treatment of steel will be the man who holds the better job .. . 
more pay, more security, more respect and prestige, and better 
working conditions. 

Yes, just one step can lead you to a better understanding of 
the heat treatment of steel . . . that step, so vital to your future, 
is the step toward greater knowledge. 

This is where the Metals Engineering Institute can help you. 
With Course 10, Heat Treatment of Steel, you can obtain a solid 
background of authoritative knowledge to put you one jump 
ahead. You can learn from experts and enjoy rapid advancement. 


It's easy! You learn in your owr 
with the personal guidance of an rested MEI instructor. 

Course 10, fifteen home study less.os, gives you the training 
you need to learn how to turn out steel having the desired 
properties . . . how to avoid cracks, distortion, and other defects. 

To you, this knowledge can mean a lot . . . you can be one of 
the men who continues to work when others are let go. 

Just a few hours a week, devoted to home study—Course 10 
—can speed you toward success. Your spare time can bring you 
knowledge that otherwise would take years to accumulate by 
experience. 

Send for your first few lessons today! In time to come, this 
determined step to greater knowledge can reward you over and 
over again. 


me, at your own pace, and 








Guarantee to All 


The Metals Engineering Institute guarantees to all the guidance and instruc- 
tion of the MEI Staff for one full year in which time you should successfully 
‘ complete the course and obtain the MEI Certificate. This is your assurance 
that, by meeting the established requirements, you can be an MEI graduate. 
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COURSE 10: HEAT TREATMENT OF STEEL 


FOR INDIVIDUAL HOME STUDY OR IN-PLANT GROUPS 


Metals Engineering Institute 
—A Division of the American Society for Metals— 


7301 Euclid Avenue 


* Cleveland 3, Ohio 
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LEARN FROM AN EXPERT 


PREPARE FOR A BETTER JOB 
AND MORE PAY IN THE HEAT TREATMENT OF STEEL 


George F. Melloy, author of Course 10—Heat 
Treatment of Steel—has been with the Beth- 
lehem Steel Company for fifteen years. At 
present he is a Research Engineer. Through- 
out his affiliation with Bethlehem, Mr. Melloy 
has been engaged in various capacities in the 
Specifications and Experimental Departments. 
He spent twelve years establishing heat treat- 
ment procedures for new steels. He is a 
graduate of Lehigh University with a degree 
in Metallurgical Eagineering and has been 


an instructor at the Bethlehem Center of the 
Mineral Industries Extension Services, Penn- 
sylvania State University. 


Hence, Mr. Melloy’s work on this out- 
standing course is backed by long years of 
experience in the field. He has taken the 
guesswork and uncertainty out of heat treat- 
ing so that you may go at your work with 
greater self-confidence and, in doing so, take 
a tighter grip on success. 


GEORGE F. MELLOY 


TG MEN OF METALS: 


Course 10, Heat Treatment of Steel, 
is another fine example of the authori- 
tative, up-to-the-minute home study 
courses now being offered by the Metals 
Engineering Institute. The important 
material it contains, according to letters 
received from MEI students, does an out- 
standing job in preparing ambitious 
men for successful careers in heat treat- 
ing. And for good reason. 

The Metals Engineering Institute is 
a division of the American Society for 
Metals. This is of vital importance to 
you personally. It means that you, as a 
student of MEI, receive all the benefits 
of ASM’s forty years’ experience in educational success in the 
metal industry. 

Throughout these years, ASM Chapters all over the country 
engaged in training sessions and class instruction that brought 
metals engineering knowledge to men of metals engaged in all 
kinds of metalworking occupations. It was ASM’s responsibility 
to do so . . . because ASM is an educational society. 

The courses offered by the Metals Engineering Institute are 
another step in the work ASM Chapters have been doing for 


W. H. EISENMAN 
American Society 
for Metals 


four decades—but much extended in scope and material. MEI 
places ASM’s educational program on a much higher, more 
encompassing level. Now it is possible for any man or woman 
in the metal industry who wants more knowledge on metalwork- 
ing subjects to use thoroughly prepared, authoritative and up-to- 
date courses. 

MEI is well founded. Its policies are governed by the MEI 
Board of Governors, made up of ASM officers and trustees. The 
MEI National Advisory Council, made up of past-presidents of 
ASM, advises in the selection of course subjects and authors and 
provides objective viewpoints for the objectives of MEI. 

Every man who helped create MEI, and every man who helps 
direct MEI today, is devoted to the advancement of metals 
through education. One of these men is Dr. Anton de S. Brasunas, 
Director of MEI. He, as in all other cases, was chosen after 
careful consideration of all qualifications, MEI is backed by 
metals authorities—by experts. 

I am confident that these home and in-plant study courses will 
provide the helpful, authoritative guidance to supply the skilled 
technical manpower required today—and in the years ahead. 


LOM Ba 

4 < dtgo priv 
W. H. EISENMAN, Secretary 
American Society for Metals 





Elements of Metallurgy 
Heat Treatment of Steel 
High Temperature Metals 


Metals for Nuclear Power 


Steel Foundry Practice 


12 COURSES AVAILABLE NOW FOR HOME STUDY AND IN-PLANT TRAINING 


Gray Iron Foundry Practice 


Titanium 

Stainless Steels 

Oxy-Acetylene 
Welding 


Electroplating and Metal Finishing 

Survey of Steel Plant Processes 

Primary and Secondary Recovery 
of Lead and Zinc. 











( Your here) 


“eet Treatment of Steal™ 











THIS ME! CERTIFICATE CAN BE YOURS 


CHECK AND MAIL TODAY ...NO OBLIGATION 


THESE COURSES © Survey of Stee! Plant 
ARE AVAILABLE NOW Processes 


THESE COURSES 
WILL BE AVAILABLE 
JUNE 58 


’ 
© Copper, Grass and Bronze 
OC Magnesiom 
©) Teel Steels 
©) Fundamentals of Ferrous 
Metallurgy 
OC Are Welding 
© Blast Furnace Operations 


There is no obligation on my part in the return of 
this coupon. 


j Nome weweee eens 








Pri and Lee | 
Recovery of Lead and Zine 


Title 








You Get Better Performance 
and Greater Economy . . . with 
PITTSBURGH 
BRUSHING TOOLS! 


Fer almost every brushing job 
there is usually one combination 
that gives the best results. 
Pittsburgh has been satisfac- 
torily supplying industry for 
many years with a wide selection 
of brush types, diameters, speeds 
and filaments that give superior 
performance with low cost. 


@ No matter what kind of work 
you do, when you need brushes 
—call on Pittsburgh. Our long 
experience in designing and 
making high quality brushing 
tools for every need can save 
you time and money. Write or 
call collect Pittsburgh Plate Glass 
Company, Brush Division, 
Dept. MP-58, 3221 Frederick 
Avenue, Baltimore 29, Md. 


SYMBOL OF SERVICE FOR SEVENTY-FivVEe YEARS 


Why 


New Roto-Pin type lock is inte- 
- } eng of all Pannier Supreme 
olders . . . eliminates loose, bent, 
dropped, or lost pins ... flip it 
open to change type .. . flip it 
back to securely lock type in 
clear-marking position. 


Write for 


complete data. 





PANNIER’S 


SUPREME HOLDER 
WITH ROTO-PIN LOCK 


Safe, fast type chang- 
ing. Holder im variety 
of ape. 

Machined from High- 
Grade Bar Tool Steel. 
Hardened anvil main- 
tains type alignment. 
Striking Head of Tool 
Steel . . . Replaceable 
to add long service life 
to Holder. 








SS MARKING[ <Auwme@> |DEVICES 
~=y THE PANNIER eo} S20) e-Bele), | 


213 Pannier Building . FAirfox 1-5185 . Pittsburgh 12, Po 
Offices: Los Angeles * Chicago * Cleveland * Philodelphio * Birmingham 


PERECO continuous FURNACES 


%& ‘sectionalized” factory built 
¥%& easily assembled in the field 


% easily dismantled for moving 
: ) 





In either “Sliding Plate” or “Car Type”, Pereco factory- 

built sectionalized electric continuous furnaces are 
quickly assembled for volume production right on the job 
location—and just as quickly dismantled for moving or 
relocating. This new series of furnaces has silicon-carbide 
elements in three individually-controlled banks and pro- 
vide accurately controlled operating temperatures of 
500° F. to 2600° F. They’re supplied complete with hy- 
draulic pusher assembly and all temperature and power 
controls, and are offered in a range a ame and modifi- 
cations to meet individual requirements. * 


% WRITE TODAY FOR DETAILS 


PERENY EQUIPMENT COMPANY 


Dept. 9, 893 Chambers Rd., Columbus 12, Ohio 
Export Office: Ad. Auriema, Inc., 89 Broad, New York 4, N.Y 
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comprehensive information on 


THE METAL MOLYBDENUM 


an authoritative new asm book 


High strength at elevated temperatures 
and excellent thermal and electrical prop- 
erties are among the reasons why moly- 
base alloys hold great promise for the 
future. 


Molybdenum is now used in industries 
as diverse as glass, electronics, machine 
tools, missiles and atomic energy. Alloys 
have been developed that retain useful 
strength up to 2000°F. Available in a 
wide variety of forms (including plates, 
sheets, bars, wire, and tubing), molyb- 
denum is readily machinable and can be 
fabricated by fofging, rolling, drawing, 
and spinning. Satisfactory welding, braz- 
ing and riveting procedures have been 
developed. 

Authoritative information on this excit- 
ing metal is contained in ASM's new book 
edited from papers presented in a recent 
symposium sponsored by the Office of 
Naval Research and the American Society 
for Metals on the technology of molyb- 
denum and its alloys. The most compre- 
hensive publication on the subject, its 
topics cover the potential of molybdenum, 
its properties, powder metallurgy, melt- 
ing, working, fabricating, joining, coating 
and protection against oxidation. 

This big book contains 696 pages with 
75 tables, 206 charts and graphs, 257 
drawings and photographs, a bibliography ' 
covering the last 56 years, a bibliography Technical & Engineering Book Information Service | 
index and a general index. Cloth bound, Ae SE | 
6 x 9 inches, it is packed with helpful, ps6 yas ety Yer 
clearly written material, available to you fata ameail a” 
at only $12.50 per copy. Make sure it's Bill Company: 
on your reference shelves; send for it Check here fer ASM Book Coteleg: | 
today! Name: 

| 
| 
l 
| 
| 
| 


Street: 


AMERICAN SOCIETY ci 


| Company: 


FoR METALS iis 
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Automatic 


powder 
metal 


press 


OUTSTANDING 
FEATURES: 

© 7,” fill 

® Ejection power 100 tons 

* Safety device against overioad 

e All movements fully synchronized 
@ Fully mechanical with hydraulic pressure indicator 
¢ Motorized precision adjustment for top cross head 


© Centrally located controls with micrometer adjustment for 
floating die action; independent fill adjustment for tools 
with several fill levels; independent timing adjustment 


Height: 11.8 feet 
(Fully Extended) 


for compression from top and bottom; ejection adjustment. 
This is only one of a complete line of powder metal presses. 


Top engineering and maintenance services. 
For demonstration contact: 


DORST DIVISION ARNHOLD CERAMICS, INC. 
Sales and Engineering Organization for U. S. and Canada 
1 East 57th Street, New York 22, N. Y. 
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wae |mpressor 


BARBER PORTABLE HARDNESS TESTER 


@ Rapid testing —no setup 
COLMAN @ Easy to carry and use 


@ Needs only space for hand 





A portable hardness tester for brass, copper, aluminum, 
other soft metals, and plastics, the Barber-Colman Impressor 
is designed for fabricated parts and raw stock testing. Opera- 
ting experience is not essential. The reading is instantly 
indicated on the convenient dial. No waiting, preloading, 
or separate measurements. Barber-Colman engineers will 
gladly recommend the most suitable model for your appli- 
cation. Write today for complete details. 


BARBER-COLMAN COMPANY 


Dept. E, 1218 Rock Street, Rockford, Illinois 





Carl mayer Hi-Temp, Recirculating Type 
HEAT TREAT FURNACES 


effect large savings in drawing, tempering, ageing, and heat 
treating of such products as bearings, billets, springs, screws, 
tools, gears, etc. in steel or aluminum. Continuous operation 
at temperatures up to 1200° F. Temperature uniformity guar- 
anteed! Gas, oil, or electric fired. 


Write for Bulletin HT-53 


~carl mayer- 


20800 CENTER RIDGE RD CLEVELAND 16, 


OTHER PRODUCTS: Core & Mold Ovens * Rod Bakers + Paint and Ceramic 
Drying Ovens + Sp P g Equip tea ies 
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PIONEERS 


in manufacture and 
design of 


CRUCIBLES 
For VACUUM 
MELTING 


Since the practical ap- 
plication of the theory 
of vacuum melting, Zak 
Machine Works, Inc., 
pioneered the design and 
manufacture of crucibles 
for vacuum melting in a 
variety of sizes. 


THE ONLY COMPANY to test vacuum pump 
down and leak rate at the plant and issue a 
certification of testing! This certification guar- 
antees Vacuum Test and Leak Rate measured 
in microns. 


VAVE Teac 


TROY (GREEN ISLAND) N. Y. 








HALLER...A Full Line 
Of Equipment For 


Press-Formed Parts 


CERAMICS « CARBON « PLASTICS 
POWDERED METAL 

FERRITES 

CARBIDES 

















NOW METALLURGY II 


NEW COMPANION VOLUME 
TO FAMED BASIC METALLURGY | 
This new, easy-to-read and practical book describes 
the equipment and its use for metallurgical operations. 


This is a practical guide to metallurgical equipment, 
test and techniques. 

Well-illustrated with 67 pictures, 17 et data 
sheets and 37 charts and graphs, Basic Metallurgy II 
contains a comprehensive 8-page index for handy use 
plus 68 references to other authoritative sources. 


Table of Contents 
PURPOSE AND KINDS OF MICROSCOPIC INVESTIGATION 
TESTING PYROMETRY 
TENSION TESTING MACHINES HEAT TREATING EQUIPMENT 


HARDNESS TESTING PREPARED ATMOSPHERES FOR 
OTHER MECHANICAL TESTS HEAT TREATMENT 


$7.50... 232 Pgs. PLUS 17 Data Sheets... Red Cloth Binding 
ASM Technical and Engineering Book Information Service 


7301 Euclid Avenue, Cleveland 3, Ohio 


Enclosed please find $7.50 for 
Metallurgy, Volume I!. 


Or: Bill me () Bill Company (1) 


copy(s) of Basic 





Name 

Street & No. 
City... 
Company 


MECHANICAL PRESSES 
8 to 75 Tons 


HYDRAULIC PRESSES 
125 to 1,000 Tons 


Illustrated is the 18-ton 
mechanical press widely 
used where extremely ac- 
curate fills are desired. 
Available with hydraulic 
pressure control for accu- 


rate densities in compacts. Model 2000 (18 ton Cap.) 


@ Furnaces for sintering powdered metals 

@ Kilns for ceramic and ferrite parts 

available in 2 standard continuous belt types and 1 
pusher type, with generators for exo and endo- 
thermic gas as well as dissociators for hydrogen. 








laboratory specimen dies «Tensile bors « Bushings 
e Transverse rupture specimens 4 
Illustrated is the standard 

1” gage length tensile bar 

with 1” depth of fill. 

Some 25 different shapes 

available. Designed to 

withstand pressures up to 

100 t.s.i. 

Variety of special shapes 

with interchangeability 

for maximum versatility. 
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¢ Compression testing machines—4,000 Ibs. 
¢ Tensile testing machine—5,000 & 10,000 Ibs. 
«Powder blendors, cone and batch type 


HALLER Inc. 


16580 NORTHVILLE ROAD * NORTHVILLE, MICH 








X-Ray Users: 

to dispose of your film at prices 
that are usually higher 

call Handy & Harman 


And what’s more, we’ll buy all of your film, all of the time— 
regardless of type or size. Handy & Harman, the largest pre- 
cious metal refiners in the United States, can—because of ex- 
tensive refining facilities and newly installed film-refining 
equipment—offer you, on a year-in, year-out basis, prices for 
your film that usually are higher. 


This is because the film is totally destroyed by burning and 
all of the silver is recovered. It is the refining process that is 
virtually unaffected by seasonal price swings. You owe it to 
yourself and your film to get Handy & Harman’s bid for every 
lot! Fill out the coupon and send it along for the bid that is 
usually higher! 


Gentlemen: We would like a bid on the following exposed film: 


MEDICAL = INDUSTRIAL OTHER 


——!bs; Size 14x17” NAME. TITLE, 
~—!bs. Size 11x14” 
—_/bs. Size 10x12” 
—__!bs. Size 8x10” 


PACKAGED? 
| a STATE. 


HANDY & HARMAN 


90 Years of Nationwide Refining Service. 
General Offices: 82 Fulton St., New York 38, N.Y. 


Bridgeport 1,Conn. * 1900 W. Kinzie St., Chicago 22, Ill. 
330 No. Gibson Road, El Monte (Los Angeles), Colif. 





FIRM. 





ADDRESS, 
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ACCURATE 
DEPENDABLE 
LOW COST 


HEAT TREATING 


with 
YOUNG 
BROTHERS 
OVENS 


designed and built 
for individual product 


and process requirements 


batch and conveyor types up to 1000° F 


Write for Bulletin 157 


YOUNG BROTHERS CO. 


1829 Columbus Road * Cleveland 13, Ohio 
Over 60 years of service 














INSPECTION BY PROJECTION 
icv SCHERR peSiecron 


with the 


VERTICAL 





Coluema Slide odjusteble for 
weer by means of gibs. Will 
hold squore indefinitely. 
Custom made Precision Cocted 
Lenses and double condensers 
for different objectives 10 
100X magnification. 

Serfece Iileminetor con be 
added anytime 
Ar new practical de- 
signed for inspection De- 








200-PG LAFAYETTE STREET © NEW YORK 172, N.Y. 
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Tungsten 


High purity Tungsten and Molybdenum pellets 


Give new control over purity, composition, 
production and price in vacuum melting 


Tungsten as well as molybdenum is now available 
from Sylvania in pellet form. The constant purity and 
exact composition of the new pellets make it possible 
for vacuum melters to meet the most stringent alloy 
specifications, melt after melt. Minimum purity of the 
new tungsten pellets is 99.90% and typical purity 
is 99.94%, 

The new Sylvania tungsten pellets as well as the 
molybdenum pellets promote substantial savings in 
vacuum melting production time. There is no need to 
analyze every batch, and calculations for correct addi- 
tions of tungsten or molybdenum are simplified. In 
addition, the convenient size and shape of the pellets 
facilitate weighing and charging to the melt where they 
sink and mix quickly. 

The dependable supply and stable price of Sylvania 
tungsten and molybdenum pellets mean that vacuum 
melting production schedules can be realistically 


TUNGSTEN . MOLYBDENUM . 


CHEMICALS . 


planned on a long-range basis. Alloy price structures 
can also be maintained without concern for fluctuating 
raw material costs. 


Contact Sylvania’s Chemical and Metallurgical Divi- 
sion for further particulars on high-purity tungsten and 
molybdenum pellets. 

Typical Composition 


Molybdenum 
Pellets 


Chemical 
Composition 
Tungsten, % = 
Molybdenum, % 5 99.85 
Iron, % 3 0.010 
Silicon Dioxide, % 3 0.020 
Nickel, % ) 0.005 
Aluminum, % 01 0.005 
Calcium, % 0 0.050 
Copper, 9 < ( 0.005 
Magnesium, % <( 0.050 
Mongonese, % 0.005 
0.001 
< 0.001 
<0.00! 
<0.001 
Density ‘ 8.0 g/cc 
Pellet Size wy) ix3 1/6 «1/4 h 


PHOSPHORS SEMICONDUCTORS 
SYLVANIA ELectRIC Propucts INc. 
Chemical and Metallurgical Division 
Towanda, Penna. 


¥ SYLVANIA 


LIGHTING TELEVISION + RADIO + ELECTRONICS + PHOTOGRAPHY + ATOMIC ENERGY CHEMISTRY-METALLURGY 
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Ajax Electric Co 

Ajax neering P 

Aldridge Industrial Oils, 


Allied Research Products, Inc 
Allis-Chalmers 

Alley Engineering & Casting C 
Alpha Melykeote Corp 


American Crucible Preducts Ce., Inc., The. . 
American Gas Association 
American Gas Furnace Co 
American Machine & Metals, Inc 
American Optical Co 
American Platinum & Silver Div 
American Seciety for 

Metals 
Ampeo Metals, Inc... 
Arce Steel Fabricators, Inc 
Arcos Corp 
Areweld Manufacturing Co 
Arnhold Ceramics, 
Ashworth Brethers. 
Automotive Rubber Ceo., Ine 


Baird-Atomic. 

Baker & Adamson General Chemical 
Div., Allied Chemical & Dye Corp 

baldwin-Lima-Hamilton, 
Electronics & Instrumentation Div 
Standard Steel Works Div 


Barber-Colman Co 

Bausch & Lomb Optical Co 
Bell & Gossett Co 
Bethlehem 
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Cambridge Wire Cloth Co... . 2... 66sec eeus 152 


Carberundum Metals Co 
Carl Mayer Corp 





Despatch Oven Co 
Dice Ceo., J. 

Dietert Co. Harry W 
Dillen & Ce., Ine., W. C. 


Drever Co 
Driver-Harris Co 
Duraley Ceo 


Eastman Kedak Co 
Eclipse Fuel 

Electric Furnace Co 
Eleetre Alleys Div., 


ndustries, Ine 
Precision Costing Ce 
Erico Products. Ine 


Fansteel Metallurgical Corp 
Fenn Manufacturing Co 


General Alleys 

General Extrusions, 

Glebe Industries, Inc., Supermet Div 
Glebe Steel Abrasive Co 

Gle-Quartz Electric Heater Co., Inc 
Gorden Co., Claud S$. 


Index to Advertisers 





Grafe Colleids 
Gries Industries. Ine 
Grieve-Hendry Ce., Ine 


Haller, Ine 


Hansen-Van Winkle-Munning Co 

Harnischfeger Corp 

Harper Electric Furnace Corp 

Harris Refrigeration Co 

Harrep Ceramic Service Co 

Harshaw Scientific Div., 
Harshaw 

Hawkridge Metals Corp 

Hayes, Inec., C. 

Haynes Stellite Co., Div. of 
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An EF multiple tube type furnoce bright 
onnecling stainless steel wire, continuously. 
One of an installation of five stoiniess steel 
furnaces we built in o prominent steel plont. 





Large capacity EF gas fired furnace bright Stoinless steel strip in vorious widths is 
onnecling stainless strip. We build them bright annealed continuously in this EF gas 
electrically heated or ges fired for wide or fired special atmosphere instollation equipped 
norrow strip, for single or multiple strands with on EF gos fired ammonia dissociator 


priq Awneoit gtoinle 


Stainless Steel Tubing in various diometers 
and lengths up to 24 feet is bright anneocled 
continuously in this EF gas fired furnace 


) 


irs 


Stainless Stee! Strip. Wide, norrow and in 
vorious types, is uniformly bright onneoled, 
continuously, in EF furnaces — any tonnoge. 


Stainless Steel Wire is bright annealed in 
this and other EF continuous and batch type 
gos fired and electric furnaces we build. 


Tubing, Strip, Wire, Stampings 
and Other Stainless Steel Products 


Stainless steel strip, wire, heavy and fine tubing, stampings, 
flatware, cooking ware, drawn and other stainless steel 
products, in many shapes and forms, are being bright anneal- 
ed, uniformly, economically, continuously and with laboratory 
precision in EF furnaces of various sizes and types we have 
built. 


Extensive experience with stainless steel problems, backed by 
over 40 years of practical furnace building experience and 
thousands of successful fuel fired and electric installations, 
enable EF engineers to design and build the best size and type 
of equipment needed for handling any product or production, 
or for any heat processing requirement. 


Submit your production furnace problems 
fo experienced EF engineers — if pays. 
@ THE ELECTRIC FURNACE CO. 


Canadian Associctes @ Canefco Limited @ Toronte 1, Canada 








Stainless Steel Stampings, flatware, drawn and 
other products; large, small and in various 
shapes are bright annealed in EF furnaces 


Another type we build for bright annealing 
stoinless strip. This EF furnoce also handles 
other grodes requiring lower temperatures 





ARISTOLO 


Controlled 
Quality 


STEELS 


BEARING QUALITY 
AIRCRAFT 
PISTON PIN QUALITY 
ELECTRIC FURNACE ALLOY 
ELECTRIC FURNACE CARBON 
ALLOY BASE ALLOY 
ALLOY BASE CARBON 


Leaded 


ELECTRIC FURNACE 52100 
ELECTRIC FURNACE ALLOY 
ELECTRIC FURNACE CARBON 
ALLOY BASE ALLOY 
ALLOY BASE CARBON 


Stainless 


300 SERIES e 400 SERIES 
500 SERIES 


Furnished as 


HOT ROLLED BLOOMS, 
BILLETS & BARS « HOT 
ROLLED, ANNEALED & 
HEAT TREATED e« GROUND 
BLOOMS & BILLETS e BARS 
—HOT ROLLED; TURNED; 
TURNED, GROUND & POL- 
ISHED; OR COLD DRAWN 
WITH OR WITHOUT HEAT 
TREATMENT 


HT] 
ARISTOLOY 
STEELS 
| 
COPPERWELD STEEL COMPANY 


STEEL DIVISION, 4073 Mahoning Ave. + Warren, Ohio * EXPORT: Copperweld Stee/ international Co., 225 Broadway, New York 7, N.Y. 





